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in lupop® aad th®' United Stat«# aalt^ te# tjpt^ditionally b«0a Tis«d for 
»ioi5harifioati®a of starohts for' p«ia ferweotatioa. »ilt, aad#' fey feilning 
partially g»wiMt©i barley,. ©oBttins emjmm wMeh.aet Bpos^ sstapeh to. 
yi#ld #ttga.rs saoii aa' Baltos® «s w®!! ®8 tb@ noBferwjatatel® d«tri.ns.. thes® 
noaftraiatabls d«trins &m aiterial®' wfaiofe «.r« resistant to ftarther' 
laydroly®is «M .art fsnwmttd *ith iiffi@til%^, .if at all. 
la ia-it#r» Asia,^ partie^trly lapta sad CMrait|. sa alttraatiT#' mathod 
of saosfearifyi'Bg starehts hat hem da^aloi^d.' fM.s »®th©d iirr©lv«s tha usa 
of aarlolytic wilda wiilola ham tlia 'atoility tO' - eonfrart' ftar©ta»» into fw 
fflentabl# #Bg»ra«. ftoia wittod wss iatrodmoad into tha Wastarn world largaly 
tliroMgh 'the piwstaaring afffflpt and ittll of Mr. S* fateaataa, tfe® fowadar of 
tha o'oapai^ ttet baara bis mm^* 
Itecant ieval©p»atf in tiia alo.!Aol far^atation tadaatry i»va bean to 
tttiliaa tiia a®rlaijtis aald' prapta«tioa® for p»parati««i of -nawtra.! 
spirits, utoila retaining ttoa iwltiag. ppoaaaa for tha protoots in wWLob tha 
p«blie tias. laari»d to '«cp®«t Wia ia®id«iital flavors aM 9>r&ms ii^-rtad fey 
the »lt.' th® *©ld. pra^ratioiw 'imm saftral adtaataps alian soared 
Witil MUt. 
Spain tmtad with iBOli prei)a.ratioi^ prodmeaa a M#ac yiald of 
alcohol tipoa faroantatioa.than doas grain traatad with *lt. 
fha s»ld way tea grown on mry eheap, of tan waste, aaterials. Bran 
irm the idling of .grains is an @«etHe«t adbstrata for wold gpowth and 
the dry aatartal aftar mM growth is knowa as mold bran. Stillag#, a 
waata aatarial fre® ala-Aol distMlatioa,. has hmn msad for ealtiiratii^ 
«olds, as hmm ©thar astariaJji'. Hit is aa.^ from toarliy,. tha sapiOy of 
which is llJBitai for' ai^ given yaar and iftiieh is diffieilt to ^|>and whan 
3 
-mnmMrj apsn short noti®». • Also, barley is quit® ojtponsiva irtiom o«a^)ared 
to th» Haste prodacti. asnHoned b«for@ whloh haw littl® or no ©sonoKie 
win®, 
Othw faetors enter in, saeh at ®qmip«nt iiw@Bt®int, sp®ed of • aetion, 
®as® of haadling, th® ©onserratiw n®t«r® of industry, and off-flaTors «ad 
odors, but the general ooassaitt® of ©piiAoa is that th® use of aold pro^ra-
tioas for prodmeiag a@utral spirits ia th® prtfarabl® wthod. 
th® prodmotioii of ®thyl aloohol froa grain is hi^ily eoiq»atitiv» and 
it is of gp«at lat®r®st to th® ialmstry to dettrsd* th® spacifie factor® 
respottsibl® for•Tariation® in alcohol yielda. Itespit® the fact that the 
yields ar® g®a®ral3^ hl#er with aolds ttaa with - salt, there li stlH 
aoasidei^bl® wriatioa fr'« batoh to batch d®#pit© rigid ooatrol of physi­
cal ©oBditions, Considerable atteatioa has been fooused on th© possibility 
that the mriatlon in aloohol yield mj be da® to ttie differeaees in enaym® 
eoaoentrationa la th® aaooharl^ag agent, althougfci the result®' of work 
based on this hypotoesis have failed to de»nstrate aisQr (tefiaite oorrela-
tion betifBen ale<^ol yield aad a^ eaapi® soaeeatratloa, 
toe pheno»noa obserred mlth Ih® use of Mlt which aay .eaplala the 
iacoifjlete eoiweraioa of •earbo^dm.te to alcohol ia th® ferneatatioa la the 
aecaaolatloa of Iliadt d«trlas. these dextrlM are short eha.lB aoleeules 
that are reslstaat to further 'fc^ydrojysls aad thus are not ferraeated. The 
esElsteaee of an eaaya® naasd ««liM.t iextriaase* l»s b®en postulated which 
is able to ^drolyze the aipto-l,6-#ma®sidie bonds known to eadst la 
starch at th® points of braaehlng. After hydrolysis of this branched 
strueture at the end of the ll»lt dextrin aoleoule, tim »ltase and alpha-
a,iylase could act on the residme to produce fera®ntable sugars and thus 
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I I ,  m n m  m  • L i t E M n w  
A. S%rm%m0 aad SQa^iosition of Stareh 
mm&% U.teratOT® eoatalas swtral ©x:««ll@at rarl®*® of tto® ewreat 
0®no«pts of staroM stpt«stw® «ad e'(*p©stti©a, Ttoi' s#>itan©e:i known a« 
stardlws ar® seapesed of two mlm coi^oaeafet ©aHad asfl^aa and aisiylopaotia. 
i^Xmm »ol«atil«s ar« ©©•fio.ied ©f a larp- amtoar of rspaatiag glaeos® anita 
ia halieal ®pii«ls eoaaeetad toy alpte»l,li-^me®8idlc lialagas, wliile ai^lo-
paeila l» eoasidawd to to® an Iw^pilap network of glaoose ualts coaaaeted 
largaly by alplja-l,it»glae©sldie liakagaa bat with a large asaber of branched 
positioas at irrtgalar iattrrala, fh® braacliad positions are points at 
wMok a ^asose unit in a ehala is attaohad to aaotiiar chain tiiroa^ aa 
alpi»«l,-6«gla0o8idio liak# 
B» Alplgi.'r-ai^iasat 
Alpha-aasrlasas ar@ olaasifiad at d«triaialag aasyaasi daa to tbair 
hordrolyti® aetioa ia bri^kiag tii® alpha-l^ljf-^aeosldie Haka^- la starch 
to eraat® saaller diaxtrin aalta* fl^s® link# ar® atta.c,k©d appareatly at 
random throa#i®at th® aioleoala of aiyloi® or anylopaetla, with tb® possible 
aaeeaftioa of th® two or ttee® alplia»l,tt-gla©©sidle liakagts at either ©ad 
of th® aiiylo#® ohain, • ?h« action of this emy» oanitg a rapid deorea#® la 
the averag® ohaia l®agth and c©»pl®xlty of th®' wsleetO.®#, aad thus eaus®® a 
d®er®as8 ia the Tisooaity of the solatloa with little iaerease in d«t®ct-
abl® redmeiag stifar, fb«. dextrin fragpeats foiwd fr<» anylose are hydro-
lyaed to still saaller fragwints whi^eh l^.rt m eolor to aa iodia# 
6 
SQlutlon. A steood, Ammr, aetioa of alp!a-«i^las« ttoaa occttrs upoa 
th« to predae® a «lxta3*@ ©f Mlt#®© aai aaltotpies©, fh® aslto-
t?i©s@, is effntmlly by^rolystd to f®m glme©a@ and saltos®. 
Ilpha-a»^f3j!8«« ».r» of fr#qtt«at ©©eioTtaet ia afttw®# fh®y ar® pr«s®nt 
la ai-ny ai3i»al ©rgan« mi flttida, hil,^«r .plaatij and parfei9«lar3^ g«rjri.nat«d 
0@r®als sueto at irtiisst or barlsy, tad aa«r l«i«t«ptt a»d »Ms smh m 
MMp@F-gillm QTims ani Aip#rgillms aitfr. A laaiber of erystalMne alpha 
ai«yls8«s i»v@ bata pr^pami *mmg tbm hwmu m4 mim ijsb-
oraatle alph«-«^i^l«fe» (63)* Bacillus s^tilis aa^la-sN# (%), ^It alpia-
asrl®8« (88)# «»d AsperElllttg #gysa». alpM*ayla.aa (21), (103). 
Aa «eell«iit »mimvy ®f tit® litasatttr® coacapalng alplia-aaylas® is 
already available if), 
C. leta-ai^las®» 
Tte beta aaylaaea attaok oaly tli@ seaoml alpha~l»li^gltio&sidic linkage 
tvm til® noa-i '^daeing eni ©f th® earbet^irate 'fflolea^®, liberating beta-
sultose and th® reaidme «f th® oarbQi^^lrat# weieemle (67)» (71)# (86). 
The mmmsim frm ti» •alpha^glmeoaidiQ liak ©©^eawing in starch into the 
beta Q0Bfigarati©a ®f the free^ hyiroiyl gremp at tiW' redaeing end of the 
beta-aaltos® wleemle • api«r«at:^2r oeews siwaltaneomsly with the hydrolysiB 
(56). this mggmte that the hydrelysSj proeeeds by aeans of a laiden 
inversion (95) • lasltose ia split irm the aoleoaile of aaylopeotia &hm% 
m tlse® as impidly aa frm the TOleeale of ai^loa# (37), althom^ 
aiflflos® is hydr^aed Yirtmlly e«^l®t®ly to si^le saeeharidea as 
«alt08e» and traees of hi#«r aaoeharides (68), (69), while a tetria 
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3, Speelfio m&mlm aipha*l>»#iatteal#s»8 
Tl»® t@Wtt is actually a wy ^neral teopm which 
e0«ld be xM®d to dtsipat®- stw ^mjm mpabl® of hydjroly«iag an tlpha-l,l*« 
^•ttoesidi® liiak. fJi@ aim of tfe« si^stjpats aslteal© ootild vaiy fyoM aal-
t©8® t(9 th® origiMl ftarcli Mewevtr, m p '^Qpos® to «s® tfa® t®ra 
alpito-.X,ij-.gliaeosiias@ t© <ie#i®aat® ttos® Qassyae# itoi«h art priaarily activ® 
upen tli® sh@rt®3* aoifteales. W® sMU first ffloasider tli® p^omp® of ens^yme® 
wMch Mt@ MitorieaHy btaa dtsipiittd »« aaltas®®. 
(a) MXtaiaj fb® first aeatioa ®f %M 8©ii*ity ©f an alpia-B-
^ti8©8i<laf0 ia th® litewitar® ms tlat ,»ai® by Itebranfattt- Cl^)> who 
tftjiartwd %lm% a «listiaet ©ntity ii®® im?mA as tli® resalt of tto® intdractioa 
of starch and Hla dri®i »lt» •W^rtuafamt not chai*@t®rit® his product 
fwthar and it rtnaiiwd for a lattr worlesr (?1) to ©toraeteria® this e<»-
p«wiBd as a iisaeelMiritto and giv« it th® aaai® •aaltos®*. Muaotjlus and voa 
Msring (46) foimd that ^tt©#®®, nal-ttos®. Sad d«Ktrira' ar® prodmeed by the 
actioa upon potato stareh of smsh ormd® aa^rlelytic pr®paf«tioiw a® lalt 
diaatas®, saliw, and -piBfraati® «xtrt®t« fh® first worlrar® to obsenr® the 
©ffii^rai© hydrolyii®. of saltos®- itstlf mwm Srowa aad ieroa (11) who used 
pr®paratioas of pancr«itie ©xferaot «ad iat@stii«l e®ll waH. l^drolyt-
io el®Mr«g@ ©f wiltos® by ®aliTa »lt diaitas® na® observed ind®pand» 
oatly by voa Iteiag (61), nh© oaH®d th® aotiv® iap-etleat reaponsibl® for 
the eleavag® "glacsas®®. ?h® ir®®®a@® of ifttsrials ia Aspargillu® nii^r 
filtrat® aad' teji (Ii5) wi^A. sijadlar aoti'rt.ty i^oa waltos® ms observed by 
later worker®. 
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Ot-har aethedt uliich ha?# b««a «xpi©it#<i iitilla® a phototoaeteriiwa 
itoieh phospli®re#esa ia tfa®- pr«s@ns« of mlt&m m% itareh or daacirins 
(106) or ti^Jloy ©rganisas tfeit sslsetif®!^ mtilis# -^^rioas stifari (3). A 
rrnim @f the wsthods fea? tiwi si#t@risiaati0» of aalt ajigflaf®i Ms btea 
pufelisbed i^ttutly (93). 
iQtii filt«r ^fjNir eia'«itop'«^ mi ttos filter paptr el«etr©piJior«si» 
t®®tBii:q«Mi {t$), iniieiitt a gr®«t@r a^l«icity ©f ttoe mmym ssrsteas of 
Aspergilton eryaag thaa isas to®ea stisjptet^i. A ipot «sf the filtrate of an 
Asp«rgilltt8 ©ryaae oultaw -itts lOskeM ap@ii filter papsr ani safej#etad to a 
•roltag® differeatial ®f six volt# per eeotiattiaf for fix howt. At the ©ad 
of til® ti» til® protein »p«ts were staiasd with Wm^hyml blue dy®. fiio 
»p©ts p©st«Bsia« ©aaya® aotifiti" war® d#t«r»iiMii irm a oofflimBdoii strip of 
filtw i«i«r'. IMS steip *18. sither eat into saaller itrips vertical to 
tile direetioa of the e-arroat flm, and a.sy astiv® ®m^ sluted aad d«ter-
aiaed, or the eatir® strip was ipcayii wlIJi a ohroa&^nie anbstrate, aad 
afttr allwtlag th« ©asyme to aot, th@ spots iSi-er® #ai^ra» astivity had 
oociirrtd mr& d«t«ralJ»d fey iuitabl® wita®. fh# result# iadieated that 
AapergiHttS oiyaa® filtrate eoataiaed at- least two eoKpoaent® wlto 
proteate aetivity# ®to. A lat«r paptr toy the saa® gr©^ (10) -^seloaed the 
preteace of at l®a-st eight ©oiiioaiati in Aagergillms orygae fiimte 
oapibl® of te«aieii^ beta-glmoosidi.e liafetfo® ia variotts s^atrates, wMeh , 
c-onfifwid the ge-aeral laattire of the previoiii worlg..- fh® eoi^joi^Bta were 
aot oa3y aetive ia iplittiag sijapl® glwosidea feat were alto eapabl® of 
depolpwritiag sodiiw oartJoxyMithrie®!!®!®-®®. fh® experiaeatal @vid®ace 
a^tt«d aeith®r the postilate f« a siogl® teeta-glttoosidas® aor of a 
spe-eifie ®mym for mtth iBtostrate, fh® postulate- of aa eaasym®- specific 
Ik 
tw lb®ta'-^aeosi«los«s which is inaetif® upon other bata-^uco-
si4©i«8 WIS inadaisiibl.# irm tois ©vidtaee. Kptatasblj, tha mntjm 
fraetioa eaUtd *asltas@* hats « «iallar watipl® B«tur«. 
Aa iavestiptioa of the relutive q»intiti«8 of m%ym fraotlons called 
.tlpha«a®flait®, btta-«i^las«, and aaltas® in whsat braa cultures of Aaper-
lillma nvymmt Jksmr^hm smmetlM Ihigopaa and an albia® 
vmriMnt of Aip®riill^8 am:w>ri di®elof»i (SO) that th« {ttaatas® of 
Aftpergllliui mwm» was oei^oied ehiefly of'alpha*' and b'®ta-a®srl®se, thosa 
Aapergillias aigj^aori and jaiBaaioag chiefly b»ta-«i^lass and 
raalta#®^ and tha wMt®' varitty ®f Asprgillms aiwta&ri contained large 
fmntitits of all thr#® muymw. At »st mrimm in tha field f®®l thsit 
3W?lds do not prodaa® beta-aaylaiw (i-S)# it i« probabl® that thes® ir<srtes 
iiB®d a d«ft»iti«i of b®ta-ai^lts« activity ottor th«a the corawmly aooepttd 
on®. 
It m& signdH^nt ttot tht alijha-a^li®# of Asptrgillitg axy&m, 
m-sopis ja-ranistts, and a whit® Asperiillms oowld b@ saparS'ttd from b®ta-
aiyliist and i«ltaa@, but that beta*®iiylas®"and aaltase oowld not ba 
s«parat®d baoams®, aecordSag to th«»« worters,' their pl^sioal propartles 
WW® identioal, 
Ista-^aasrlas® c^ta-lnsd fr®® A'8pergillii8 awiMori (50) displayed poeti­
cally no *ltaM acti-wity. lowewer* it prodtteted' large aawnts of glucose 
im addition to »lto®# (a -ItJl ratio) by its action lapoa soltibl® starch. 
fh«M»e worfeirs eonsidered this enayro to b® a distinctly new m^ym mtiich 
they called ^fflaa-aiylaae. 
the characteristics of .th® diaita«@ of Aspergilltta mmmH. led the 
authors to the l^pothesis that tte enayw ca-rrieri of alpha:- and 
x$ 
toata^-apylas® eo«ld Is® iaterehaiigtd. 
la meldi alphiHiiiyXas# m ©0«a8y» alpM 4 iarrier A, 
b®ia-aa^i,«st » &mmym te@ta 4 @awi®r B* 
la Agptr^lltti 
I alpija a»rla®« a ©©•my*® 'alpha 4 sapriw B or A, 
ananori. 
to®taHi»ylas® «.ttmmjm b@%a . 4 sarrler l or A. 
Aa arfclel® in th® Eassiaa lit«a»tiir® {H) o@as-arii@d a saries of tests 
eondm©t®d ©a tli® toa^iosltlon sad m%lri%y of tii® aaylolytio activity of a 
maA3@r of Asperglllu® aptoi®® iaoludiag Aspargilltt® mimr mi. Aapargiillu® 
Qgyaa®. fb® reswltf ladieatad nidte wriatioa in th® ooii^ositioii and 
aetiTity ©f th« ®»iay»a, fh# aisyla.®# typ® wat said to ei®i«et®riE® 
Aspargillma oirga® i^l# th® phoiph^lat® typ® charaeterii®® Aapergillm 
aiger* 
Th® results of a »»b®p of workar® Mv® iadi®at®d tMt th® produetioa. 
©f aaapi®® by «©ld» is defiaitaly influaaoad by th® siisatrata as well aa 
by the irariety of aold as®d. For locaipl®# (26) reported ti«t 
anylii#® prodi»ti<m by Aapergilla® flavita wa® d®p®Ment upon th® a^strat® 
ttsed. 
Wmimra at th® Sorthara Eegioiial. Eessaroh Ijiboratory, Peoria, niinoi® 
ft«ve iav®itigat®d th® faetors isattSBsini th® prodmetioa of aipha-an^iawi 
aad paltai® by oertain AapargAlli (fS3« I<e«f yields of alpha-ai^ lase of 
Aspargjlltts ni^®r mil 337 ia »edi» whi@h hair®' a low pi at tte> tar^lnatioa 
of the eiilttir® appeared to be dm® t® inaoti^ iatiott of. alpha^ aagrla®® at low 
pi. This ®iay« becami iaer®a®iE^ly iattabl® at pH ralti®® below jii.5, bmt 
wii stable over the rang® fr€» It.f to 7.25. ' lialtaa® froa th® mm 
16 
»mem ms stabl® m«r & rtege £rm. to 1,2$, tte M##8t pM t®st@d# 
fha ens^s ii®r@ Mid &% 3Q%, fw 18 iioips, 
Th« m& ©f diff«r®ai mM» aXf®oi®4 th® ylA«& of alpha-aiigrlase and 
Msltast, but as i?»rtomi swiia pfsdactd wi^lBg *»oaBts of aeid wh«a 
fflstabolised, it was diffieilt t# a«faf«t8 th® affaats of th®' «®dia itsalf 
from the attaadant tffasts ©f the mM prefetad, ftas am inopeaae in t^ 
eaAon sowc® l&mmi. %M pi wfaila a» ineraaia isa tb® nitrogen sourea 
raifad tb® pH« An attaint to dtet®r»i» tiia eois^niatloa naoassary frm 
tbis iowea wis aada by adjaating tb® pH of th® i»dla to variout lafals 
prior to inoewlation# Alpl«-aa@rliiS8 ppodaotioa mas shown to b® qmita 
iansitiv® to changes in tha pi la*?®! of the «®diwi# while aasltaaa prodao-
tioE was siisftantially the san® betwaas pH 14.25 and 7»i$» Inereaaad use 
of thin stillaga sidLi^ (a niferogen sowea) raisad th® tarainal pM with an 
attendant inoreas® in alp|»-a^lasa, Inoraased mta of corn a®sl (a carbon 
sowoa) .lowsrad the pi, and thas the .yield of alpha-aaylaaa. However, tt» 
inoraasad msa of eom B»al iao.r®as®d the yield of «iltasa, and this effect 
would sea» to be independent of the change in aeidity, 
fhe MS® of ealGiiBffl «»rbonit®i pr«rious3j incorporated into the Mdia 
to control the pH level {$$)$ ws fomd to be datriaental to the hi^est 
yields of «altase. As ealcim chloride does not have this deleterious 
effect, fsnohiya, Oorwin and Koepsall {99) reeoawsnded that calcina 
chloride be tased to^repla.©® the ealciwa ca.rb©iat® and that the pH level of 
th® »edia be controlled by variation in the conceatwstion of tMji stilla.ge« 
The .inflttenee of the va^riation in aedis mpon the yield was the »st pro-
noTOoed with Aspergillas niger 'IBKIi 3J© and Aspergillaa oryaae ISB, 
but less pronounced with Aspergillus niger Mill* 337. the optiwaa yield of 
17 
*lta»® -was tl unAts p®r iAUillter whiob m® g^t^u by $ p«r e®at 
tMn stillag© s@lids ani S p®y e®®l grwai mwu* Tha or^nts® wis Ajggp-
gmaa Bjger mi, 330. 
A 'WiM <l@#igaat®d as Asggrgilliai aigtr PH. 558 ws lited by Sim aM 
Blaclew@mi (91) to stti% th® af aad Bitr@g»n aotiro«s «p©n the 
protoetiea of aagrlolytie mwymB hj cmltwre. fariations la th« 
spaeific typ® ©f oaAon sour®® aff@et#i th@ yi«l<i of alpM-aayl^s® t® a 
aarJad ^gp@«, while the yi®M ©f a®l^s® iras affeettd to a siii.llj>r extent, 
aad til® yield of Halt d«triaast wii affa#t®d least of all. Variations 
in ti^ soiiree of aitro^a were t^lte inflieatial in detsralijiiig the 
aaionnts ©f the tl»®® mwyma prodaeed. iigli©.st yields of th® enzymes 
ware obtained with hydr'olyzed @a..seia as the nitrofen soure®. However, 
still hi#er yields of aaltase aad ai^lase were otetaiQed by adding i»* 
organie nitrogen e^ooads saeh as amonim nitrate aad sodiw nitrate as 
sui^lemmtary nitrogen# 
la'a later paper (9Q)§ it mu foiK^ that proteins or a*iii© acids were, 
not necessajry, Al»st a®g^ nitrogen iowoe utoeh was a potential alkali 
donor served as wll. Thus a»si&iiliim aoetate was a suitable nitrogen 
souroe. 
A prooedttre for tis® pwifieatioa of fungal *iltsse isis developed in 
190. by B&y and faderkofler (85) • fi^se «rliirs ptirified aaltase of 
Aspergllltis niger groim on a substrate of yellow eom, Mfeo yeast esc-
t5«et, C3a00j, and tap later. prooedare inirolved adsorption mpon 
freshly preoipitated ealeiw* «alste aad Faller'«s earth. I© nitro^ 
deterffltnations were reported s© that a© idea of ti» specifio enzyM aetivi-
ty co*a.d be obtained, fhe fiml yield was estiaated as less than 10 per 
18 
©f tiie ©rigtiial mxmjm a©tiid.ty preswiat. 
mier (65) lwmstlgat«d tto eai%0fay^as® syatew of 12 wfl.4s in 
rtgariS to tli®ir pfedttsMon of alfhA-ararlts®# aaltas®, and liiait darbrinas®^ 
f l» alpha-«^las® aetiTity 9imm§ th» mSSmernt mMB rajBg&d trm less tban 
0,1 wtiit psf sdHilitaf 1® 37.7 vM,%» p®i? aillilitsr. fk« aetirity of 
aftltast va3Pi.«i frc® 0.3 t© 9.6 waits pesr allliliter# the liMt 
tetriisass.aeti'rity -varisd fi«i 0.0 t© 10..8 tmlts ptr ailliliter. fb» 
M^@it aaltatt ani'li^t •telyi»s®.aeti'sriti®s mr& f©«a<i im AspergilltiB 
aiter HEM. ,330.. MiHeT' fotmi m eoftpajAtiea betw#®8 alpha-aasflase aetivity 
a»d the aaltase ©f llMt iscsEtrinas® aetlTity. • fhare was a flight eerrelft-
tioa fe®t«e#a aaltag® and lialt i«tri]»s® aatlTity. 
Cb) Aarl<>*idttcesidaiNa»> A wem% d®al ®f attention tea bean iiraetad 
reoaatly t© a- groap ©f mnjmB for irtiicii th@ na»e "aiigrle-flmeosidas®*' (lt7) 
has bean suggested. fMa gremp #f ffiaa^a is p®atulat@d to attack aole* 
eul®s ©f -wn^lng slsas tip t» %ha wileomles th«w@lT®s, libei^ting 
gltt©©s® direetly. Da otiwp w»di# this gpoup of ©nsyBss would be comprised 
of alpi»i»i«.gJtieost<^8ei capable of aetiag ©a the • eiwS slpha-l,li-^mc®8idic 
llnl«.g®s of a asleetile 'rtfirdless of tb® sia® of^ th® reasiinder of 
»0l@GUli, 
It l»s l©ag been 'k&mn. tiiat the starel^fplitting emjm ajBtm of 
'Gloetridiii» aeetobtttFliQia is -eapabl® of oonTtrtiflf attreh alaost quaati-
tatiTOly- tO' gluoose with neither starch mmf liatt ctetrii«i ooewriag ia 
the eofflr®rii0a presets to sifnifieaat degre®. Early wori»rs (3i») 
eaasidered the ^drolyadlf of ataroh t© be da® tO' two diatinct ®nayM»s, an 
alpha-aiyliis® saptbl® of d«trlniaing the etarcli and breaking it down into 
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daxtrina to llbtrat® ^tieoa® tmite ia a pitewatal faehioa <l#). It mu 
Stat®# that the msym resfwrnsibl# f&t tiis. ^irolyais of thus iextriiis 
attaetesd only ttoie termlMil glw.©@s@ mlt® ®f %h& 4®£feriBS (ijS). 
limfftM and Stwl@r-'P®ei» {$} mi9' «» txiiawtiir® st«^ .of tiw action 
of SOTsrai Giyitallln® alpha-sirl®'®®® foaai tfc«t the final, limit of 
tht hyirelysls of aayloae by theit mmjms ms attaiasd i» « prolonged 
seeoijd phas# ©f th# ri»©ti®ii with eoi^ltt® ooawrsioa of «ayl©s« to 13 p«r 
o»at glmsos® tad 87 p»r e«t salt©®#, 
Wwtears at tl» Oora Krodmttf &»fiiiing Qm^w (^?) propoaeid tMt 
all ©f tilts# stareto-splittiiig, ilaoost-prodtteing &mpm& b® given the 
g®a0ric nam® of aa^flo-^iieoiliaitti,, foHowiiig t^ ,sagf0atioii by QGX± and 
I<a«i@r, (15). ftos® wortetrS'CliT) rsportad tl«, pfiwae® of aa aaylo-
glmeosidastt i& an m%ym pcffipiration ntant of Agpergilltta aiger MSBl. 330. 
fbe mMm% of hydrolysis of mm by aa euwyB® pwiparation of 
Aspergllltts aigtr ws d®t®ralii«d by tito total redaeiag mtftflal f®p»d, 
ti» glueos® foraed, and by tfe® ehaaf® is tb® wawlrngtli for anxtiroia li#it 
adsorptioa by th« iodia®-l^dr©lyi«.t® oos^ls*. tim two types of actios 
aipirent wart m en#ria® attaok m «Ma aiylos® wltctiles tO' prodmo# 
relatively larg# ptroin^g®# of ^meos® early in th« r®a,ctioii, and the 
raadom J^drolysis of tiw ottoers. As tb® al|rt«-a^iyla8# is «^otivat«d by 
aeid to a gw«t«r d«gr«® thaa anylo-^moosidai®, alpiia^aiiylas® activity 
ma ®liaLnat®d by low«rlag tbe ifl lev®! to fh© m%ym araylo-glueosi-
das® j^oduoad at tb® aam© i^t® fr<M ®<piM>lar solations of aaiylosas 
of trldsly va-iying alaes. Itering tb@ ^dr<aysii of large polywrs aticb as 
oom aagrloa® or ai^ylopeetia the a^jsrption speo'tepa of to® ©(wplex of iodln® 
with tb® r®*i»der of tb® n^leoal® dtd not vair appr®®iably. Slueos® was 
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Qmemm. md Laa^kto (1?) dwlBg m inTHStigfttlon tipoa th# e©iT<ilatlott 
b#tw»®a tk0 "oltifflata al©oh<a ,|i«M ufm f®i?a®Btatloa and th® «B8yM® aeiliri-
%im of wilds f©and ihaH tto® a^las# 8y8l«® ®oiitaia@d.botli an 
al|>hi-«Brla8® fraetioa aad a gla^sgsniQ fimetloo. 
Tlift fm#l ali>iM-««]Eiriast «©av«ri«d starefe tnt® <lixtrias and Mlio*#,, 
wii@i'@as tto glmo©pttiie systta i«s eajsibl© o£ e«variing mltoa®, 
d®xtrins, and #r®a stareli lato Thi» tffieiaa^ ©f ti» sacseharifi-
eatioB 0f tli« starefe was a©?# hi^Oy eew^Mtsd with ^wogeaie aeMvity 
thaa ndLth al^-«.iyla«#. Hiih 0MmgmlQ aetivity e&used rapid aad ali^st 
qwntltativ® f©rai.ti#a sf flmo©®®. from alareh. Tht sp®ei«» ^saaiasd war® 
a m^r of ©rfiatia® ©f tM@ Asp»riilltt8 «ad BteLzoptia p-omps Inclmdiag 
•wrloms straiai of Atpiriillittg ai«®g» Aspiegilltta ovjmt, BMaoptta d»le«arj 
tad o%har»# fwo sptoiest, Rhiisoptt® del«ar MBKi XfQ$ aad iteiaopma 
itp» HTO» ISfl (tli® straia osed ia %im Aiylo process for alcohol 
prodwitioa) wsm int«r«stiftg ia that th®y Ti®r® still fairly offioisat for 
tl® prodnetioa of aleohol, but prodae®d «a3y irset® of alpha-aarlase. Th® 
o^tir® filtrat® £wm Ihisopas ^TOlard" MM. 1891 ooataiaod int®r-
,)wdi«t® ^ttoogsaie aetlirlty but alaott ao «lpM-a«sri®8® aetivi'^ . auoose 
was p*odme®d fairly rapidly but there W8r® ao det®ttabls trao®s of aaltos®. 
Th® blm# ®taroli»-i0dia® ptrsisted £m aore'thaa 2k hoars, iadieatiag 
that th® d«Ktrla fi«etioa ttiH eoataiatd staroh tMt was «sa0Btially ta-
altered* After Zk howrs tiMi, IcrdrolyMt®. eoataiaed ?0 per e®nt glaoosa, 
30 per e«at dextria aad stareh, aM no d®t»©tabl® aaltos®. fh® filtrates 
AspeggiUi^^ eultwas gtv® ©oi^wbl® resttlta, aithou^ th®r® irar® 
appreeiabla a»mt® &t aaltoa® foaad after the t^olysis. Sirldeatly th» 
glttoo^ni® 9B»3«® 8y«t«» atttetod th® itareh direetly to proda©® glaeoa®. 
• 23 
Germn and Lan^lto' suggsatad that the term "^acoganie a.etiidty*» would 
probably b# wore aecurat® thaa »«ltai® aetiirttj«, da® to th# faet ti»t th0 
glueogeiaie m%jm syst@wi a»Bln#d hy^droliistd hightr ^mcos© p®,ly»rs as 
ifsll as ailtos®, 
fh»m rssiJlts w&m eoafiriied, at least la th@ ease of ffidgopas 
delttBiari hy th® s«tos»(|a®at iwastigatioas- of Hiillips and ^Idwall (81), 
.(8l). fhesa ir©rh»rs Isolatad, a ^moont-predusiag ai^laa® whloh th  ^sailed 
ai^las®". 
Phillipa and GaldwtH (61) pirlfi®i their glaeose-fomiag asBrla®®, 
«gltie ansrlas®*, fr» the n^d teiioptt® del^r, whioh was free of all 
stetettable traces ©f alpha-a®grl®f® aoti'sli .^ the ptjrified aisyiuse 
peseeased wltaae as iwll as ai^las® aetiilty.. ill attests to fractionate 
the preparation into p©rti«»s ecat^iaiBg varying ppoportions of aaylase 
activity and »ftltase activity iwt*e lasmcceiifal, and treataent that 
caased a destwetioa or lots of mltase activity caused a p-oportional 
loti in aaylaae activity. 
At relatively low tei^eratarea of 5® to 10®, the glmc ai^lase was 
less senaitive tian tlMi alpha-ai^las® to wpotwr© to relatively acid 
conditions,, the traces of alpha-aag'lase were rewved ia this mnmr, 
(Ettcose was respoasibl# for practically all of the redaciag value of tto 
fcordrolyaateg tQvmi fro» itarch by ^mc ablate mtil approadjately 90 per 
cent of .ti» poiaible glwoie had been foiled. 
(Euc a^lase ai^arently waa .capable of .splittiiag glmcose frim the aon-
rediiciag a»d of the ^acosidic chaia (81) aowiftoat after the aaaner of the 
foraatioa of aaltose trm it» 8«btti«tes throagh th» action of b®ta-«aiylase. 
lowivor, with aiaylase there was no evidence of the forssitioa of lialt 
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moleaml«s of ^uoos® to on® of ®»lto«e) by its aotioa upon solabl© starch 
and ttes should b# elassifi®d as an i0^1o*#tie©sida.s®'. 
(e) Aarlo-1,6» t^toofii(li8®ai I» tMf itetlon, tto® teapa %iirl@-l,6-
t^tcosiiai®* ia utad to iadieat# aa ®aay»s eapabla of attaelcing th« alpha-
l,6-.gltt®08idie liatef® h%%mm two ^aeoss anita aitiier in atareh or in a 
prodttet ijbtainad fr«tt th® hg^drolirais of staroh. fli® siae of tha 8i;te8^ato 
ffl0la©«l©s mj vary fro® th® disaeetoariia iioaaltoaa to stareb itself. 
Karr, Maisal, and Sthink (W), rtporfead tha praseaet 'Of an alpisft-
glmeosidase in eartain fwipl Bmjm prtparatioas in addition to tha 
anayws usually oonsidwad to b« prasant* fMs mtyaa wii ©apabla of 
liydrolyaing a fairly Mgti proportion of tba now rasiatant linkages of 
the atareli or tl» lialt daaetrina wiiilt tlie otMer faotors of the fonpil 
aazyw prepaidtioa ware aa^gad in .^ drolyaing tit® lasa reaiatant linh»g®8. 
The fflore raaistant lin'leigai are, of tiie ®lplii»l,,6~glu©oM.die 
linitogaa. 
¥mm (5t)' alio found avideaf# of jp.ufOBa-produaing anaywia in 
©•aratl wit and fungal ••«id baetarial praparatioas that art aetiva upon 
oartain liiri.t deatrina. laok  ^ Stark, and Soalf (1) dtTised an analytioal 
proeatee for this tns^nwl© £m whieh thay preridad the mm *aiait 
^daxtrinaia*. The aetivitgr waa fuantitativaly esQ r^aased ia teraa of 
«illii3Paaf of farwntabla amfir pfodmo-ad from a atan r^d liMt dmtrin 
aolution by on® p^a of e»a;^ e preparation ia one hmt' at 30^0. 
Lippa and eo-workeri '(il) devel<^ed a Mttli#d based upon awanim 
aulfate fraetiJMiation and bentonite ads< t^i@n t&r the aejpration and 
purifieation of the alpl®-«i^ las«> li«it dwtrinaae, and aaltaae produced 
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toy saboiepgei oalttires ©f Aspirgdll'Og aig«r IHL 33?. fh® aetivity of th« 
purified alpto*ai^l^i«« ms Mm® fptattr aad tha pwti£i@d li«lt 
doxtrinase ma 5 tiws greater thaa tia% of th« origiasl flltrat®. fl» 
Xljait dtxtPinase ma mm aUhU than th@ alphs-angrlas®# tot both enayaes 
lost aetivity mpoa stoimft. 
1^ .iffllt dsxtrinas® of Aaptygjlltts ofyiaa ms eiystalli»®d by Cadtykefler 
and Soy (lOJ) by a prooedsup® SairoXirlag a*OBl«» salfat® preelpltation, 
btatoalte adi«rptioa, d^natwttioa aad pi*«oip4taiioa of jy^purities by 
a®r©urio ohloride, aad twMiiltm tiMate-aodim oMlortdt pr«eipltatioa, Tb® 
final yisld of llait doxtilias® was not giiran bat was itated to b« qmit® 
low. 
fhe investigatioas of §im asd ilaeiiirood <90), (91) con©«3ming the 
effect of th® <ai%©a and nl^of^ sowoes mpoa the ppodttotion of li»it 
dextpinas®, aaltas® and alpha-»ai«^la«@ haj been 'diacttssed earlier md®r the 
'*ltaa«» seotion, 
A 'iittiiber of enzywfS fipom differmt sowee# ar® k&mn to be effectlT® 
la foralag or hydrolyaing th® al^»l06-.^«®osidie bond, 
Hffmn (83) f®«Bd that etrfeaia ®i»y«® preparation®» laeludinf those 
Aaptrgllltts oryaa® and Aapjap^lai nlger^ wer® capable • of - reasting upoa 
aaltos® to for® anferasntabl® prodaet®, ftols afmtl»sl»iiig aotioa was 
adranc«d as aa ®3Q>lanatioa for th® itto<M^«te ©•«r«rsioa of starches to 
feraaatabl® wterials. Ban, Jjidreaaea, and lolaehov- (?lt) tzaed an ens^e 
preparation of AapergillttS aiger WSL 337 tad saggested that the aaferawat-
abla earbohydrat® sadght eaisist pirtJy or eatlrsly of isoasiltos®, 6-^lpiMi-
I>-glaeo]^aaoayl7-&-glmo®s® • 
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eill-fr®0 etpabl# ©f <i«x:tjpaa syntlwsis, asffl@<l dOKtran-
mmmmt, ii@r« first is<»lat«4 by Httoa C3t). fb« «n»y»s rtaponsitel® for 
th® foraatiott of daxtraa *»,# postwlatad to >« a transforsse oapabl® of 
transfaring ma baXf of a aait of a disaoehariite (saoroaa) into a largar 
»l«Gmlar tmit (daadtoin) itoll® itti«»ting tli# ©^@r lialf as a haxosa 
(frmetosa). 
Haitria (|3) ia a pwm&mtim r«"ri»w jttseatsad tfe® eonvaational 
fealiaf tMt all <ttia@(Shand®. fariMatatloa iaTolfts first a i^ctopolysis and 
aaeoad a eaadaaaiitioa of oo® of th« li^oa® spsei®! Utii attandant remoTal 
of witar, aad arriv«d at th# tetlief that <tetraa prodaetioa proeeadad oa 
smoroa® diraotly. fMs wowld to© aaalogoms to tM growth of a polymer 
ehaia of itarch by iatsimetloa irt.th glmeote-l-phosptet®.' 
Helire aad j^nilton (3t) ^taiaad aa or ®a»^ias aystm iMeli th«y 
sailed •dextwia-d®3Ktriaas®« f rm a ©alt«r@ of Aoat^ateaotar eapottlatm« 
fhis «aay» was eapabla of tran»f«priag aa alpha-l>-.gltteopypaaosyl imdical 
froa a taratr^l position ia a sultabla d^xtria molao-al® to a taraiaal 
j^sitioa ia a growiag iaxtraa »©l®eiil®> ttes ©a^tisiag ths siwltaaaoua 
dagradatioa of a dwEtrla oolaoal® aad grosfth of a d«KKla*aa a^lteule. fh® 
att ®ff®©t waa tlw c«v«rsioa of -di^tfia iato <tetraa, fh® ©azya® Has 
ttMibl® to aet oa the uaaltered iiatii»iI2y oo®arilag atarehts or oa ^ucos® 
or aaltoa®, 
Iag»-l»Ba (to) obaerrod that ©xtraots froa th® bactea-iua 
Oellviferio fajirn wmm eapabl® of tepsa'ldag d«iti«a doim iato eoffi|>aratlv®ly 
large fwjgmsats# with little if aigr prodaetioa of glwos® or disaceharidea 
1^0® th® ®n<te of th® ia©l®eal®8 as showa fey viaooBwtrie aeaaureawQta. 
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aintmlK toltittoai 
8.5 allliliiws «ffli«entrat®4 Ita 
Q^QOlk gpans EnS^^.7^0 
.O.€507li'Pwata 
©.0CJ09 gsMS Chi^Olt.^Eg© 
•tap iat«r't© 3..0 llter^# • • 
.Stoek acid solution (0*2 a«i.3, aGi)i 
8.5 aillilitflrs 161 
tap witw to 1..0 litw,. 
Wlm ailliUt«J?s ©f th» eoaeeatratid aiinei^ls aolutioa w«rt diluted 
to 60.0 •ffiil.lillters with tte® itoek a@id solution, fli®' wijeat bran, corn 
meal, «ad a@idi§ lAaeralt solutloa mm Mxed, tlie prsparatioa divided 
iat© ten e<pal portioM aad pla#«d- in as idlliliter widi-iaouthed 
irliMSMyer flastoi. flai a»«to mm plugged with ©ottoa aad ateriliaed in 
a steaa amtoelav# at 15 potmds pjreasur# (appp«i*ittlr t50® Oeatigrade) for 
15 »iiiat«s. ftoey mm %hm iaoeulated frcai agar slant ©ultures. of Aaper-
'gjllua niter ffiiOi 330, and pla©ed #a ihtJjp aides ia a 30® Centipade 
iaeutoator, Mter about nine iiy» the 11*®^®' of aold bran mm diy and 
iwr® tujmed upright, th® mli growtii had tporulated «d 'ia tM.s- dry 
eoaditioa tii# spores were fiabl# for Mix't© nine aonms. flie «>ld bran 
flasks tl»a mrm stored ia the iaetstbator and S®rr®d as a, owivenient aource 
of inooulum iriienever needed. 
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3k 
mmixi, m »om otii#r nat«ral aatejdul ms •tissntiidL for smffieleat groirte 
t0 oeew ia %h@ mm ©f tim §h% «»4 f©i*ila. 
WffitfSEWiila «P4 Biaolardod forMBla 
aa i^terial per eent ,H Iif^ |J^' I'l Mt 1 Mi ^ ffistiriai per eent 
star#i 3«00 selmtole starch t.QO 
,I»3 1.0® mysL 0.78 
0.^  mm^ ©.So 
ma o,m IE2?01J 0.10 
MCI ©•14 (t© ,pl 6.Q)  . • !!§%. HgO 0.05 
mMtP% OM seyteeaa oil 0.30 
MtSOi, ,0at«i«l «tterial 0.10 
i^ eaa oil o.m «0J  ^ 13.2 pp».# 
Beatfliiite §, fk  feSO  ^ 13.2 ppffl.# 
ZnS  ^ 13.S piai.« OaSOij 6,6 ppm,» 
FeSQij 13.a ppm.* 
6,6 ppm,» 
?1». i^rpnie itits, -*14%^ tt© «®tpM©a of th® OaOOj, wtr® Aditi %& 
tap wter aad tfe® ®©lmil©ii stlrrtd aa-yn tb.® solids liad dissolved. fh« 
•©lutiea mt th«a heated i© feoiliag aM tte starciii added ultfe 8«stant 
atirtlBg. It was se®ei,»rj t® add tto® B&0mm ©il wite tfc» stareh whe» 
large qoantities of Material nere teeljag at«Pilifei in the large @®®k®r. 
#These »terial8 were added 1b a single ©©aeeatrated stoek S0luti,oa. 
8©rn starefe m» mged- ia %im mm ©f the. .SO pll®a fer^tatioa Matioaed 
later nfeere- tiwi 8M ami lla0l<ir©«d ms m»»d. 
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was Itstlf stspilissed prior to by both a at®am jaeket and th© passage 
of live Btmm. through -yi# carbon# 
fh® atdia w©r« t®st«d for soatamiMtloB both by vistial aterosoopie 
«xaBi.aation and by ©ollsetlag saapltts int©' sttrilt tutoes, and as^king agar 
plat®a of portion© of th® saaplts, fit® plates mv® «xa»tn#d after tl* 
hours,. leither of thas® aathods disclosed tha praSfitooe q£ distinguish­
able ooQtamlnants in msy of tha ferawatatioas <s«nduct@d. 
B. Mathods of Miym Analysis 
1, I4,«it dextriaaaa 
Tim aathod uaad for dtetaiwination of ll«it daxtrinaa® aetiTity was 
that d®vel®p®d Back, Stark and Soalf (1), fbs mit of aetivity ms th® 
nuirt5#r of Mllligraas of f«r»intabla au^r prodaead irm a standard limit 
dextrin solution by ona gra« (or one adJlillter) of tto ansyala Material 
in one hour at 30® Cmtigrad®. 
(a) laagfflatst 
Umit dastriat fto® liait dssKfepin w^jloyed was a e<w»rcial 
product of the Wahl-teius Institute, Chleago, Illinois, produced W 't'he 
method desoribed by Inaen, Ba^ord, Spoerl, and Foster (53). 
(2) Buffer solution pH ij.Qi This was wade by dissolving 35«32 
graas of mgHPQj^.ltagO and ^.73 gra«s of oitri© acid in diatilled water and 
diluting to one liter, TImi pH of the buffer waa adjusted to lt,8 by adding 
more of the salt or aeid, the buffer pJnoed in a series of 100 ailllliter 
37 
voltmetrie flasks (app-e^ifflSisly 75 to 80 BiHilitefs par flask), and th® 
flasks starilia@<l after plrnggiag «itli oottoa. 
(3) Bttff®y»d Halt dtotrin 8ea..gtlmi A soluticaa of 0#90 g»«« of 
Halt tetritt ws aixed with 20.0 «illilit©ps of bttffar solatim in a 
ToluMtrio flask md dilated to 100.0 ^llilit«rs. TM solution ms always 
aado ©a th® i&j of ttse. 
(It) Wasi»d y«»sti lithtr FlslselB^rai or led Star cak« ytast was 
«s®d for ttie d«t#rsitoati©a. Aotlv© ipi®d y^st eontains an alpJm-1,6-
glmoosi^ks® (#). la ©yr @3cp®rl«o« it was capable of aoting lapon limit 
dextrin, tims eaiaing arratie raaults. Th© eakts of yeast tisad war# 
<STwM.@d and- dividtd into aj^roxiwattly aqial fuantitias whioh ware placed 
in tw© 250*-»illiliter glasB c®atrif«g« bottlas, fh® bottles war® alEKjst 
flUad with distilled wat^ and th® adjttw® stirrsd imtil tha /east was 
soi^lately aaspandsd. fh© siapeasion® w«r® e«trifug@d- at 1800' reTolutions 
per Kinttt® for 10 aiatitas. 4t th® ®ad of this tia® th® sup®mataat solu­
tion ma disoardad and a fr«sh portion of distiHad iiat«r add®d. The y@ast 
WIS stirred until th® solution ms a mlfora s«®|wn®ism, and than th® solm-
tion was centrifmipd a|pia» fhis pPoesSs ms r®i>®at®d fiT® tiwss t© reaoT® 
all traoet of rsdtieing sugars and axtraoallular ©nayws ©f th® /®aat« fh® 
ansast ms then, reaoved and «Ke®ss »ist«r® r@BOT@d by blotting with 
absorbwat paper. 
(5) Sttlfurie acAdt 1.5 norail. 
(6) Sodiw hydrtald®! 1.5 aoraal. 
(7) Methyl red and ptoBnolphttelein indleatorst 0.5 p@r cent. 
38 
m Eeagants for re<tuQliig atigar analysis i fim Bwithod <i®V0lop®<l 
by UntSsrWIer, Oiiyiwsi, fiaywin «ni Fuller (lit) wa® ussd, 
{9) "Onlmmm mmzjm aeltttimi fhm saaple to b® analyzad ms 
mntrilv^d and a saaple Trithdrawn. WJtaaniPrer possible, the coaoentration 
ma «stifflfttsd befora th»^ datersinatioa &id th« saapl® dilntad to an appro­
priate emeantration of Hadt dMctriaaae a© that tfea aetiTiti- f<^Ll uitbin 
the rang® of liaaarity. 
ft?'Qo«dtyt ft® pvmMm9 eai»i»t«d of ^tfera# »ajUi stapa. Thesa 
war® (1) »  t t e ®  a c t i o n  o f  t h a  e n a y a i o '  p » a p a i « t i o a  t t p o n  l i a i t  d a x t r i a ,  ( 2 ) ,  
tl» action of msbad yostft oalls to rmm-9 tha f«t*itable sugtai'M prodiiosd 
^ the Unit dtetrii^sa and (3), tk© acid hydrolysis of tha raiaaininf limit 
daestrin and anaaysis of tha rsdwsiag aiigstrs f©rw»d. A blank dataroination 
(it) TiSs ©«dttot«d siis«lta»e©ii8ly. 
(1) Saa^c aetiwt ^Mmit daactrini S»otly 20,0 aiilli-
liters of til® Halt iostrin solnticm war® ti^asfarrad by pipatta to a 50.0 
«illilit«r Tolia»trie flask, fh® flask and omtants wara plMmd in a 
water bath naintaiaad at JO® Gaitigrad® for 5 atntitas to allow tiia t«i|>@ra-
tara to baeoaa aqniMbrstad. fiT® aillilitars of tii® anzywt extract or tha 
a^propriata diltition war® added to tha volra^trie flask and %lm eontants 
!ri.xad thoroughly. Aftar' ^ rt.Bttte# the anaywie activity waa daatroyad by 
adding 5«0 aiHiHtws of 1.5 norwatl aoditim hydroxida. After 30 ainntaa 
the aoltttion was nantrtMaad with 1.5 norwil stilfwio a©id uatog wthyl rad 
indicator. For raprodwlbla aotiwn of th@ yaaat calls it was aasential 
that tha fteal titration with sulfwrie aeid not b@ carried paat pH it.8. 
3f 
?b® feluMea ms thm illmtei to ^.0 rtJlilittrs and adxed thorouglOy. 
At tMs p©int 20.0 ai31ilit®rs WW® withdrftuna itm eaoii fltsk awd add»d t© 
a iiO-^mutar plaatie 0«at3pliftt^ to th® e©»#tant tei^aratmr® water 
Ijath. la addition, £mm ti» flask msad as a blaals {em aeetiea (It) baiew), 
10.0 .adOJUlitars of ieltttiQii mm mtJidfepai® aad ada»d to-10.0 »illiiit®rs 
of l,k nowml hydreebloi*!© asid in S-iaeii tait t«i>ea. fhia aolmtioa was 
tJreatad by tb® proetd-ur© in aeetloa (3). 
(2) BliMBatiQa of th» f«WMretabl® S'ttfiyt fhree granis (a©ist 
wei^t) of fraatoly iwish»d ytast wsr® add«d t@ aaeh ®f th® tO.O Milliliter 
portio!^ of solution ia the ©entrifag® tub®®, flm om%m%» mr% stirred 
thorott^ly and kept- in the J§® bath f«r 150 idmit®»g i€tto oeea»iioBal 
®tiiTin.g or iwirliag &f iim eerattaia t® iasw® 6<s«pl®t® removal of tiwi 
farMntabl® sugars. 
(J) Aeid .todrelyaia and analysis'. f#r redaeing Sttgarei After 
ISO Miiitttes the tttb®i 'wm^ ©eatrifmged at 1800 r«r©lationf per - ainut® for 
10 »ia«te-i aad 10.0 nilliHters were pipetted int® as S-inoh test tube 
emtaiaing 10.0 adHlli-ters #f l.li nenwl %dr®®M.«rio aeid. 
All sas^lea iiiii0b bad been adjfed t©- the hydte-eehleric acid wuwc® 
pla-eed ia a bath ©f boiling liater for 1|0 alntttes and then ©-©©led aad 
nentraliaed t© a pim®lpiithalein ti^»ptint niW X,$ a^«il s-©dla» by^eoEide. 
ftoe oonteata of each tube wwe transferred with aeireral riaaea to a lOO.O 
.Kllliliter volwaetoi® flask and dUtitad t© the indicated •ea.ami. fhe 
«fhe lOastie tufees referred t© in this w©rlE are lad# «f Ltwteroid, a 
trad^ naae far a -p^aatylia plasti® aaterial. 
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of fcho blaak i}@fca?@ yeast Sffipptim, «Bg* was the 
gr«*s of ^wsos® in a 5.0 MlUUtor sa,^lt aftor %h&. Tma% foimontatioii, 
»Gg« MS til® isdUlgraas of ^ttoost to « $»0 aillllitap sai^l# of the blank 
«ft®r jmst sorptioa, «n4 »S* ms th« olHillttrf of mtym &x%wt or 
dilutioa addtd* The qaantitj «1* aluays iaad the valm of 5 in o«r ealenla-
tloas* 
I 2 - G 2  
—1^-— X 1&> *• p®r e@Bt mnmrAm* 
(Bg - 6g) 100 
« I M  
%  
s liait tetranas® imits. 
Tl» fttotor (^) nas iatrodaetd to G«n?#et for tte dilatioa du® to the 
addition of th® y@ast. 
2. j^ltaa® aetliritj 
fh® wthod of d®t®3wintng i»ltas® aoti^ty' tt®ad ms d®velof®d by 
fsuoM.3i«.t Coffflia, and Io»ps®ll ($9)* Ti» wit of aaltas® aetivity was 
defined as th® q«a»tity of ftaapee eapabl# of hydrol^tog on® ailligram of 
»sltoa© aoBohgrdimt® in 66 ainates at 30® Gwttigrade. 
(a) Hqagtntsi 
(1) Slfflok aeetat® btiffegj,. 6 «^lar» pH 4«lti AnlordroBS sodaim 
ac®tat« (183 grarai) was dissolwd ia diatillod mtmr and to this ma added 
217 »illilit®rs of gMQial aostic aoid. fh® solutioa was, diluted to mm 
liter, and if nmmmry additional salt or acid solation -was added to 
lit 
adjust tfe« fiaal pB t© 
(2) mltoat fh©'bttffertd aaltose • selutlm ttot was 
x»®d 4® til® 8i3ibsti«t® for ifilta®® mUmimUm mu prepared by dlisol^ng 
t.35 of aaltoa® ffloaohydrat® (ecffiwrelai 0. f. grad®, s|»eifle r©ta-
tim 4 131®> predMid by ffaastlthl ai<s«lQtl Gd.-, Illinois) la 50 
i© 60 Mllilitttra of distill«d mt@r aad $ «iHllit@rs of tlie stoek acetatt 
baff«r, and thw dHating to 100.0 idUiliters 1» a volmmatn© flask. 
(3) 'gmftcrie' aoidt 1 ii©r«#l. 
(Ji) Sodlm hydr«id»i 1 aoraal. 
(5) RiQnoIpfatliilQla. ^ iadieatori 0.1 per e@at. 
(6) leag^nts tep mdmlm sugar asBalyslsi fbe asthod davaloped 
toy S«»©gyi (92) m» tifsd. 
g«a®ral »@th©d of prooadur® iavolvtd allowiag 
th» tn^w soltttioa to aet m *&« bifftrod wtltos# solution for a d«finite 
iotsrval and thta dwaitwriag th@ m%jm by s«lf«rie acdd. fbe utilfarie 
aeld mM nemtraliaad with sodlm ]^dr«ide to a ph«®lphtiial®ia ©Bd-point. 
Th® solutiMi was thm dilwfcsd to a dfftoit® v©X»e aad aaalystd for r«dtie-
iag si^r o0ot«t. 
flv® aiUilitsrs of mtym mlvAim and 10.0 willllitars of buffered 
aaltose solutim w®r@ att@i^sr#d t@ 30® Oentigrad®. Tli« solmti?®® wtrt 
tim eoBfeiaed aad held i» a coastaot t©]^®ratur@ watsr bath at 30^ G«ati« 
grade. Aft@r 15 alJitttas 3,© M.lliliter8 w«r® withdraiwi by a volafflstrie 
aad io 3 .adlli'liitra of oa® aornal sulfwle aoii ia « 3,00.0 
fflUliliter voliJMtrle atsk. A^ia, ItO aimt®® &£%mr the start of the 
reaotion sTOthtr 3.0 lAlliiittrs war® aidai toy plpatte t© 3 ailliliters of 
m® naiwl si^furi® aeid ia a 3.00#0 j^llilitar wlwstrie H^ask. 
Aft«r th® aeid d«a®tiTatio» of th® tntym® hid procedisd for 3.0 adanitts, 
th® acidifitd reaetion aixtur® mm atrntraliaM to th® ptonolphthalain endf-
fjoiiit with OM aorasl sodiim l^dr^stiie aad diluttd to lOO^.O idllilitars with 
diatilled wittr. Hy® aillilitsr alitwts war# aaalyaad for total radmeinf 
aa^r toy th® method of S«i0-gyi (f2) asing the tO»ainmta haati)^ pariod. 
•(o) Qale^tioB of aaltaaa aotivityi, Th® aoaits of aaltait aotiirlty 
of a iolutiom ifsr® axppassad i» taraa of M.113.gr«ai' of aaltoas hy^olyzed 
par lillilitar of «iay»i praptratioa pm homr. fh« following ajsjretsioo 
•giva th® aaits of aiiltaga astiidtyi 'a* wis tha radmoing valma (ia tarmi of 
aillilitera of thiosi^fata aolntion) ©f tha IS i^mta raaetioa 'aixtura^ and 
"•b*" «aa the ©(WrraspcradiBg vain® for th® 1» adnata rtiotioa Klactttro. 
3E (^ttoosa aqtiivalaat of HgSfOi aoliitioa * 1.78) x 20 x ^ 
» adlli^aaa aaltoaa pei* »illillter of aazpi® 
praparatio® par ho«p 
a ttaiti of aaltaaa lotivity. 
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(1) EPQpai^tlen of soXttfeiont A sltarry of S.O 
graos of solttbl® sttreli Sm ao.o alllllitsrs of m%m was add«d to tpprojci-
aatelj 120.0 iCllilitw#. @f'Ttgoreuily boiling letsr wl^ rinsing to instip® 
oois^jlttt® ti^nsftyral. fh® iolmtiwa was eoolti in rumiag tap watar mtil 
it ©ouM b® handled witli ©0Mf0i?t and 12.|' aillilitws of buffer solution 
•were added., Th® .iolmtioa was •fapaniferred iiith rinting into a 250.0-
ailliliter v«a,»Mtrie flask. •olmtioa lias oooled to ro«» te^eratnre 
and 125.0 mUligram® of beta-^i^fljise prepasmtioa slurried in a saall voltiate 
of ••••distilled wter wis then add®d with rinai^ng. fh& •©patents of the 
Tol^trie flask wr® diluted to the aark ^th distilled water and a saall 
aaount of toluene was added to prevent baoterial eontaidnation. fhe 
solution wa® !^ed thoroughly and used in not less tlian tli hours nor oKsre 
than Ii8 hour®. 
(2) I^i3ctrinii8iag aotiyjtyi frontf ailUliter® of the buffered 
alpha-aasflodecKtriB aolution and |.0 Mllil^iter® of water were fepanaferred 
b y  p i p e t t e  t o  a  5 0 . 0 - M . l l i l i t e r  S r ^ l e M i j e r  f l a s k  a n d  t h e  f l a s k  p l a e e d  i n ,  
the 30® Centigrade i«t®r bath. After the flask teipei^ture had attained 
eqailibrium, 5.0 «tlllliter« of ali^-ai^lase solution were added by 
pipette. The volunes of water and alpha-awtrl^a®' solution were altered to 
eoi^ensat® for low or high aetivitie®^ but the total volua® of the two 
solutions had to be 10.0 Milliliter®. After 10 Mnutes, one ailliliter 
portions wer® isdLth.dr8TO by pipette ®t appropriate interral® and added to a 
series of plain If .O-adlliliter fyrm eeatrifie®® tabes, eaoh of ifeich eoBf 
tained 5*0 fflillilit»s of the dilute iodia® solmtion. fhe tube® were 
inverted at least twioe to insure thorough -i^Laciag, 
k7 
the tab® ma thea pluosd in th® e©lor si^pariter betw»»n tw® 
ilailai' e®ntrlJfege t^ss, ©aefe oentaiaiag 6.0 Kllliliteri of the oot^ltoms 
olsloplij® eolor sta»«Ja,3«l# and tto solwtlous mm eoi^rtd. If th® eolop of 
%m Mttpl# froa tti® wasjrai® soltttioa na# mvkm than the itandardsj^ om 
ffllllilitsr «li<|ttots ©f th® s«apl« wsp® t®t«a at apprsfyiat® intormls 
mtll oolw «pp«ch»<i ttot of th« stao^teri. At that poiiat ali^uots 
mrQ taken avtiy tolf ainttta mMl the e«a.ops j«toh@i aad the tina 
3req«i3P®4 for th® afttohiag raoortStod. 
If tl»- eoi€ap of tha aolutioa fro» th® aa^le aas too light after 
10 wiimtaa the eonetntration of th« alpha-asrlaa® *«s too great and aaothor 
dataraination was »ade, using 9i%heat a m«ll«r •yolwas of &mjm #olmtioii 
(and wjrt diatlHai i«t®r) •& a dtlmtioa of the- mmym 6oltttio». 
(e) SalflttlatlOB of alt^-anylasa aetlTityt Tha ^t of alpte-a,i^laia 
aotiiriti- m» tha <j«iatity of mtym raqwirad to dextrialae ona gE^m of 
%@.ta-«ia^las® traatad* itareh la em homr at 30® Oantlgrad® t© ti® poimt 
whart th® dtactria-io^aa @®lor aatahai that of tha^ eebaltous chlorida eolor 
standard. 
fh# coBoentpaticaa of "tha awyaa'aolmtioB was eale«lat®d hy the fallow­
ing forwlai 
Units of alpha-a^laaa par wHlllitar-. « 
idiara f rapraswfttad the wigiaal r@%mm of aAd filtrate ia aillilitara ©r-
fraotioa tharaof * and f was th® daxtrlniaatloa time i» nAm1»a. 
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(i$) starch, indiaatoy gol'a.ti<»i €fe® per cent by weight of 
solttbl® stareh was cUsaolved ia a satorated sodim chloride solution. The 
pw3?fos« of the salt ms to disoofflmg® baeterial gpowth. 
. (5) Smgar reai^at "S"! &m liter of this solutioa cwtatoed th® 
follewiag iEgredientai 
C«S0^,5:^0 37.5 &tmM 
125.0 
(lochill® silt) 
latCOj (anhyd.) 53.0 
H 1.© 
KOj 3.5665 («aetly) 
mOM , . . «ppr»aiMt0ly saturated aoltttion added to 
adjmst to pi of f .li®. 
these solmticfflis were «d« mp in large qaaatities. The potassitm 
iodide^potassiw cKsalat® solutiw, and reageat "O" w«pe delivered by in­
verted 'pipettes tilth Imenmy stopeooks at the bott« of the pipettes and 
drainage ©.utlets at the top of •'^e pipette. The volwaes thms delivered 
were reproducible. The taiioswlfate^ eolation iras -delivered fr<»i a Miero-
burette aad was stabilited by the addition of 0.5 adLUlUters of 0.1 
norml sodiiia hydroxide per liter of solution to disootirage the growth of 
the thiosttlfate disaoi^sSiig baoteria (10|). The eaaet wthod of prepar­
ing reagent »Q" was ii^ortaat and tJ» details are ^ven in the next 
paragE«ph. 
50 
tiaree h«n<i3?ei aiUiliters of distlLXed water wars placed in a large 
beaker and the sedlw earbonatt aad tochelle salt were added aad dissolved. 
ft» eopper sulfate iras dissolved in 500«0 rtlliliters of distilled water 
and added slot^ to the forwr soltttioa with oontinmous stirriag to aiai-
aise evoltttion of earboa •di«l<te. Th® potassim io^de and sodiw siilfat® 
wire added and the solatioa stirred ttatH these salts wre dissolved# 
solution was then dllmtad to approxiaately 96o*Q ollliliters wl-th. distilled 
water and the pi adjusted t© fhe resiltiaf. solation *18 heated'to 
boiling and boiled gently for 10 i^utttes in a owered oontainop, aad then 
eooled to 20® Gentigrade. A smll portion of the solution ms used to 
dissolve the preeise aaowit ©f jsotis^Ta iodate. fhe potassim iodite 
solmtis® was retomed, with rinsing, to the wiia solution and the volusie 
Mide to eataotly o» liter in a voluMtrie flask by dilution with boiled 
distilled mter. 
ti» solution wm stored in a pyr« e®atainer fer a week to allow 
suspended Material (aainly ouprow «id«') to settle out. The solution 
was then.carefully dsoanted fr« the preeipitate and stcMped in a Pyrm 
bottle# 
(b) Prooedurei Five MHillters of the stigar reagent *&" were 
transferred to.a x lliS adlliwiter Fyr«t test tube by an auto»tie level 
refilling inverted pipette as previously desoribed. Five »illiliters of 
the solution con'teiidng the redueing sugir were added by voltmetrio pipette 
and t^ two solutions lnti«8te3y mixed, by shaking. A short pieoe of 
oapinary tubing was Inserted la a one*h©l® rtfljber stopper, and the stopper 
used to ©lose the test ti^e. fhe t^3toe was then iamersed at least two-thirdss 
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52  ^
siibtraet«d frta th® toIwm requisrtd for tli® blank, and thm oeaosatraiion 
of raduGiag sugar p@r 5.0 Mllllit^rs r«ai dlr«©tly from the gjpaph. 
, fh® sugir T@ag@ttti *@r« ctlibratsd mm m@rj mmth or six wetki. 
2, Mtthoii of 3&mgji 
njiniilin |||IIIWI—»W» ipiii»lliMiilliliWi<W»i»l»>»*iiWi|[lM 
( « )  e s e b m *  
(1) Po-tassim iodide golBtiomt 1 soltttion containing t.5 par 
e<mt potaisiw iodii® and 3.3 p«r ©@nt potaiaiw imlat® aonohydrat® was 
i«d@ alieiliii© iiitli sodiw oarbmat®. 
,(2) Diltttt Sttlftapig -aeid* A 2.0 mrml solatiaa of smlfuric 
acid. 
(3) Stan^rd tMQattll»t»t A sodiiw tM.osifl.fat© solution mas 
»ad® altealin® by adding f .0 aillilittrs of 10.0 p®r G@at sodium JiydriMclds 
solution f«r, litsr. 
i k )  Sta^rofa iadi^tor solutioni Cto® per oant by waigbt of 
solttblt stareb was di»®@lv#d iM «• ©atwattd soditia ohlorid® solution. 
(5) oopiHir r®ai^att Out liter of this rmgmt oMtaiaed 
the folloiiag iap-tdiwitsi 
(aniiyd.) 
1 I soditM hgrdroaEide 
(a®ohiii@ «iit) 
ChiS% 
2@ gratts 
100 .aillilitora 
I|0 p>aM 
S « 
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allowing it t# flow dom tli® slit® of t'h® iaeliat# tost t«l)o. fhe follo#-
Ittg <i0aHtiti®a of potaaslMa iodldo solntioa wore mssii 
0.5 adllilitsps of 2.5 F®y 0®at potaitiw iodldt solution for 5.0 
alllilltors of Qoraal loa»t® por 11t«". 
1,0 aillilltors of 2.5 per eeat potassiw iodidii solmtion for 10.0 
atUllitors a©r»al ioiat® i»r lltor. 
2,0 Hlllllitors of t.5 i>®3f a«nt p©t»ssltt» locHdt folmtloa for Urger 
q«iatltl@f of noraal ioiat® psr lit», 
flie solution wai Aoidlfioi with afproJKiaatoly f.,0 jaUlllitora of the 
two noMal silfurlo aoi4 soluticwt* ttm aoii solution ms addod rapiily by 
drops with tiaKa.tan«o«s agltatiiai of th@ solatiosa so that th® entire coa-
tonts of the ti^@ mre'aixed aai aeidifled nt onet. In ppaetiee, it was 
fomd to be best to add about half of the aoid aad agitate tl» solutloa 
matil it was a ol^r ©©lor# and ttoa add tto vmrniMm of the aoid. The 
solution was then titrated with the 0,^5 aoJMftl «odi»a tiiioeulfate solti-
tioa. Two drops of th» stareh Ijidlfiitia' solution wmm m-M®d toaard the 
end of the titratloa. 
We found it adrlsabl® to add the potatslm aas^late to th® potasslua 
iodide solution to prevent the followii^ reaetioa during the oourse of tiai 
titrationi 
aOu*® + ir ^ 4 I| 
Soaog^ Minimised this w«otion ttafough the use of the ainljsua a»ount 
of potassium iodide,, but ti» «a{|fisl»ble drift in -tee end-point during Vm 
titpation was still cftstervable. the awlate ions eliaHated the drift by 
55 
foyadag t atabl© ©o^lex with %h» &wrU ions, tliiiS effeetiveXy reaofing 
tlMiK from th® »olutlon and th® eqiimriOT reaotion. 
<e) ^leitetion of rtineing sugar omeantration* fii® aathod of 
€!«l<ml«ting til® redaeljig ftjg«r ©iOtteentwtioB ttB«d ia tia® ia-octdnre giv#n 
b®for« m$ ttsed tort also. fh@ rta^gent solutions *»§ e«librated by tiiing 
a aojpies of solutions eontiining taio« tuaatities of redwing sugar.. A 
P'sidi im0 prepared 'toy plotting %k@ volum® of thiosalfate solution required 
to r®dtt®« th® blank Anus tto relwm mimimi. to rtdim th« unknown Ters\«» 
the radtecing sugar ooaeentration. fim folu* of thiosulfat® solution r©-
quir-ad for th@ mMmn tuptr solution mu subtmeted, fron the vol\i®8 
r»^uir@d for tli® blank, and %im i^sul't® wir® read dir^tctay frcm tht graph. 
3. M»tiiod of .tatJB'or and Ileia®r 
fi» alfeilin® eopp®r r«agtnt of T«ub@r and a,@in@r (96) ma ustd to 
ist«et r«dtaoing §a*%)yi^drat®s upon filt«r f»per. It i»« prepared by 
dissolving 7.5 @pa«s of ©opptr sulfat® in 100.0 idllilitors of distilled 
i»t@r. this solution 'i^s th#a add«d, *ltli ftirring, to a solution ob­
taining 25.0 graas ©f lootosll® gait and liO.O gra« of anhydrous sodiua 
oarbonat® in 300.0 aillilitirs of wator. fim btmdred millilittrs of 
aetliyl aleoltol war® additd and th® rasulting solution diluted to on® litsr 
with di:itll2«d wat»r, fMs iolutioa las spray«d m the eteroaatograa using 
a DeVilbias «3iw atomiswp and a e«tinu®u® air: str®a®. fb® cMroaatO'gram 
ma b«ted in an own at HO® for 5 «lnut©». It was then rwiortd and 
iprayod with a pboopijowjiyfedio aeid roagmt. • 
Th« phosphOBolybdie aaid solution wa© pr®iMii^d by mixing 150.0 gpa»i 
of TOlybdie acid anhydride (Bater ioi^i 99P«r cent) wite 75.0 grams of 
56 
anljyirous sodlw carbmat#. fh« atijcfetir# wi® di®s<^v©d in $00.0 milliliters 
of distilled water aad boiled mtil all of the aolyfedie acid liad been 
dissolved. Tim solatioa wa» sooled and filtered aad 300.0 allliliter® of 
85 per eeat »tiiopiio8fh®rie aold was added, fbe solution was cooled to 
roon tei^sratar© aad diluted to ©a® liter distilled nater. 
D. aeotr^hortsii 
Proteins, <toe to tiieir aiphteterie raatmr®, ar® ©apable of assaaing a 
set negative or positive etorg® on th® basi® or aoidio side® of their 
isoeleetrie poiati, and tim® are oapable of iwveaent in an ©leotrioal 
field. Due to their differing ««^o»iti©n and i^leeialar sizei the diffflo^ 
ent protein® and enayros *ill fflove at different rates and thns a Edxtara of 
a'nuffiiber of oospcwentt *111 give a oorresponding anafeer of peaks. fli« 
two proeedares weed ,ia the eows® of this iwestifation utilited both 
solution eleofecephoresis and filter paper eleotrophortsis. 
1. Soltttloa- eleetroghoreais 
fhe appa^ratus used in this iavesti^^tioa ms the Ilett Eleotro-
phoresis Apparatus*. aannfaetttred by the Elett Manttfaetaring 0®., iwr lork. 
the standard eell ia this. iastrtMat contained appr«l*tely .H ailliliters 
and Itod a cross seeticaial area of O.ffS staare eeatiwters, irtiile the 
opfeieal syBtea had a aagnifioation of Q.3iil,. 
fi» solutions that n«re to b« analyzed mm dialyaed against distilled 
mter for at least a day aad then agtinst a veronal buffer, fhis buffer 
was O.Otib s»lar sodiua dietigrl barfeltwate (veronal), O.OOI4 aolar hydro­
chloric acid, and 0.080 aolar sodiua cKlorlde. fh@ solutions were diluted 
Si 
to «ppro3tli«t©l3r 0,5 per mn% protein coatont before dialyai®, 
2. Filt@r papor eleotrophorssls 
Ti» apparatus -tiitd was @s#®stial2y tijat of •Qrmar and fiasiims (18)# 
but stTsral Bioiificttioiis w«r® f®«id to b« itsirabl®. 
(a) Apparatust 
Blaetrodasi fh® »labyriath« &jB%m of ^ss tubing 
s«rr.otitt<3ijttg the grapMt® aleotrotles *»s ai&pt«<i without Qimng® fro« the 
desipt of Crtaer aad Ti®®littS. The p«rpo«® of this labyrlath was to pr®-
T@nt tl» 0iang@s in eoi^sitim ^of tfa® btiffer that o#©w in th@ cows® of 
th® langtk^ procete® fr<m aff@etiag th« pi of %lm bttffor solwtioa in . 
dirset contact with th® filt«r ^per. 
filter .lapert fht Mimkt«ll "Filtrerpapper ir, 20.A50* 
ffianifaetiir«d ©speoially for #l®®troph©r#ii® was out into strips I* x 50 
o@ntii^t®rs which dtjring th® «l®ctropher«fis ar® enol©®@d batw«®n 5 x 33 
0®ntiffletar strips of h®a-fy plat® glass. 
(3) Gooling Hqttldi fh@ prooadiff®-was altered tvm tMt of 
Qrmmv and Tlsolims,- Th® ehl®reb@n««® was diapeasabl® for otir pwpoaos, 
for better resolta were ©bta.in@d wh« the ohloreb«i®«ae was aetmlly 
oaitted aad the filter paper strips and their plate glass covers wer® left 
opm to tte air# The ellmlmtion of the ehlerob®ni'«ns soltjtion «de it 
neeessargr to oondast ths oods of tl» fllt©r«pip«r bridges into a swiH 
beaker eontaining the buffer solatiai,; the- «ds of the filter i«ip®r strips 
were dipped into the solntion to establish eontaet. 
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(It) aonareQi fh® direst eta?r@nt mwem wa# ©leotrooie 
twtoa r»cttf|tog aystca itllftring litS volts, fbia .*3 ftd from the 110 
Tolt alt®mating oorrmt lin#* 
(5) SQl«^tii0ni Til® pr®tt4ii.#B th«- strips of filter papsr aft«r 
th@ ®l«ietr@ph0r@®is m» W t*«rsiBg th» paper for 10 'mimtm in m@ 
psr cmt broaphea©! bl^e in per mnt aleoh©! sAturated 'itith atereori® 
ohloridt. The mmwa ®tals ma wtsh®4 off by treating the itrips sne&m*-
sively with methanol sontaialag •«« p«r o«at •raerewpie ehl0rids., ©ttiiaol 
eontainittg oa® per sent mmmric ehlorldt^ and flaaHy eth«r. fh® origiaal 
pfoe@dm»© of Cr®««r ted fis@llas ©tiled f©r a metMaol riase between th® 
rins«s with ftthaaol-Mretiri® chleridt tad th® «th«p. W® fo\md that stieh « 
rias© rem0?®<l too much, of th® @©l«ar md hsn©# #lij»iaat®«i this step. P@r-
topa if a mr@ anb^drem »thaaol w«r® wed# th@ solvsat property wotild be 
dtstr©y®d. 
C^) J^Qg^dnret ?h@ filter papw strip was *s>l®t@a«d with tht baffer 
solution and t^ ®xe«ss blotted ©ff witti filter paper, fh® strip m® 
p3js©«d ©a OB® of' th® glass flat@0 at a point pravioasly aarked with a lead 
pencil. At a poiat $,0 e«tiffl®t®r® from the oathod® oad of the plate ms 
placed 0.03 to 0,0k allliliters ©f th® ®B.a.ya« loliation. fhe seomd glaai 
plat® w«i plJioed oa ti» strip aad oiaaps applied to mlaioize th® awsuat of 
air between the two glass plates. The ends ©f th® pptr strip were dipped 
into beakers of'the buffer soltttloa in omtaot with the filter paper bridges 
and the earr^at so«re® ooaneeted. 
Ifter the desired time Md elapsed, the eurreat was discmaeeted aad 
the plRtes with the filter paper strip reaoved. • the paper strip wsas 
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carafally md drt«d 100® CS^ntigracte in th© drying oren t&t 10 
jBiawli®®. fb» strip mi pla©«d ia the dyi solmtion fw 5 Minutes, then in 
©sen of th® iilwt® wsrowie ehlorids-alcoholiQ solutions for 15 to 3© 
iBinut@s, A 4ip in tha siitMnol (if ttiad) aai a dip in the ©ther rtmov«<i 
t]»o»i of mere-tari© eiilorii® ®»4 tha «looliel. 
The itripf mm snperf i®ial3y by eye or mm cnt into saall 
Tertisal ttrips 5.0 ailli«®t«rs was tmatitativsly ©xtraoted 
with a, mtlwaol soda tolntioa, tnd tlie inttntity ©f tfe© him oolor dttsr-
An®d in t i«clcffl8a speoteopfeotoaiter at S9$ » 
S. Filter Mpim 6iir0»togra^ 
frotiin aoltemlea ©ft®a ahm a r«r^»i"ble t®nd®ney to be adteorbtd upon 
th® stirfac# of irarlons typ@s of sitbit«no@s.. ftts pii©ao»non is utilized 
in paper chro«top«pljy of protein solution utoer® there is an advancing 
front of li^i. fte protein aoleonle t®ads to be sparingly sol«tole in a 
solnMoa (on aoeonnt of its mrs" siat &mug other factors) and tiin® raay be 
re»»wd fr<a solntion by ti» relatively wesiE attraetiTe fortes betweeo the 
protein »leoiil© and the oelltfLO'S® iarfaee. iowerer^ this adsorption i« 
reversible, and as the solution .front advanees, t^e protein aolecnles are 
oar3rt.ed along at a rate inrerseay propwtional to tiai attractive foroes. 
fhe protein l^otions move at varioas- rates and thus will be found at 
•various dtstances behind the a.dvatt.oing solatton front#' 
The ffl|.terlals and proosdwas used for tl»' filter paper ohr^wtography 
are described b^ow. 
1# FiXteg pagar 
T'lj® paper tts@d m» WM^wm io» 1,. wMch mn porohastd in l«r^ sheets 
ii6.5 omti»it®rs hj 57 eentiasttrs# Saallsr shetts 22;$ x 23.25 etntlK^ttiri 
w@r® eut fr0» th® larger sii«®ts in wtcl a aannsr timt two 23.25 oentiwttr 
edges wr® cmt from th© 146.5 e«itl®8t®r ©dg@ of th® l*rg@ sh«@t. It ms 
quite ©ritie*! that th® pipsr b® out in smeh a manntr that thf d«T®loping 
solution fl'Owsd in the dirtetion of th® p'Sia of-tb® paper for othsmls® 
©xetssiv© sla'saidng mu ©nootmtersd, 
2. grooedttwt 
A line w# draim t.5 ©<tetiffl®t«r® frm the 23.35 o®ntiMet@r «dg® of 
tte filt»r papsr, and 3 to li wleroli'ters of th« solution to b® ehroaiito-
graptod mm :i^0®d on tto lia® oa »poti .about J etotiastsra apart by mmm 
of a wire loe^p. In ord«» to obtain ©sough »i't®rial, tte®® or four Sttec«.8®iv0 
loopful.® of fflsteriil wtr® applisd t© ths mm spot with int0rT@nin.g ^drying. 
fito '&,$ c«nti«®t@r ®%0S of th® pap®r w«m stapled togathir loosely so' 
tii£tt th# edgi® did not touoh, 
Appriadaattly 75 to 8© BSilltti.t«ri of the .appropriat® solvent ware 
pla.@®d in the® Jar and th® paper eylisdtr plaoed in. tht solution, taidng 
car® that th® oyliiKlor rested fimly on the bottoa of th® jar and m§ per-
pendieulAr to th® strfate of the solution. 
After tl» solution had atoeaded to th® top ©f the paper cylinder, 
whieh required fr« 90 Bimatet to 6 hour®.# depending upon the solvent, the 
cylinder iia« withsfeawn and dried in the air. 
fhree aethods iii»re used to ascertain the lo.eatlon of th® protein 
aaterial on the chroaatogpaM aft.er develoiwaat. 
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th® first 'aQthod ms a modifioatloa ©f ttot of Paisastamatis (77) 
•srtiicli -was based upon broathyaol bin®. Th® drl«d ehi*offlato0:"a« ma spmjetA 
first a G.2 nonaal soltitioa of iodlwajtydroxld® aai 0.1 per oent 
solttti«ti ©f ti»® sodium salt of browti^ol bla# (13). The paper nas dried 
ia th© air using am «leetrie faa and tlii strip nas paistd qtiiokly ttooui^ 
0.2 aoraal acetic acid. The «reas occttpied by protein stood out as bliae-
violet to gr««B spots ai^iast a gtMsral baekgromd of pal® yellow. The 
areas had a tendency to fade rapidly witMa S to 10 ieeonds and it was 
aecesaary to eneircle iM^diately the colored., areas ebserved. 
the second Mthod-wi a -fflaMtifieatioa of 'that of C^ahwind (2l*), 
which was based upon broipheBOl blme. The iadieator solutim was prepared 
by adding 0.5 graas of bre^henol blmt to a solution of 9$ par cent 
et^ncil satwated witti msrcari©- chloride. The strip to be dweloped was 
dipped into the solmtion asd the «oess ^ reaoved by rinsing the strip 
with a gentle stream of ruaaiag water withoat ai^ prior fixation being 
necessaiT. The protein areas stood out as blue spots-against a white 
baokgrotind. Althomgh t^ spots were fairly stable, exeesslTe lashing 
TOSt be avoidtd* It idght be desirable to mse an even stronger solution 
of dye (i.e., «me per cent) in orcter to obtain an even strcaiger color. 
the third ®sthod involred the use of 'aiahydrin. the cylinder was 
reooved fro® the bottle and air-dried, after irtiieh it ma sjapayed with a 
0*5 per. cent solution of nlntoydrln in bmtanol. The colored coaplex wa.a 
developed by placing the ©hroaatograas in an oven at 110° Centigrade for 
25 to 30 ainutes. The areas of p'otein were pink against a urtiite baclc-
ground. 
m 
for ti» pr«liaiMJ?y w«k indleattdl below the protein solutloa usei 
-wes a 1.0 per cent solutim of teiaidlastase, 
the varloya ^tloplng aolmtions w«p« bmffered to a pi of 5*0 by-
adding 5»0 Bllliliters of leHi«ia«s stsadari btifftr iw 100.0 adllliliters 
of soltttlon. 
Gteoaatograai developed hj buffered aiwfflsliim. itilfate soltttlona of 
various nattiratloas (0.0, 20.0, IjO.Of 60.O» 80.0 and 100.0 per ©e®t) 
produced a© resolution of tiae preteia laterial of the tatettastaie. The 
use of broj^henol blue t© develop the chrwatograai obtained fr<»B distilled 
iraiter indicated an oblong streat of protein aaterial having no notieeable 
reeoltttlon with an rtUrn fr« O.S.t© 0.8. With laoreasinf eoaeentratloii 
of aiwonta® sitafate the *«tolllty ws dfeereaeed, but there was atill no 
noticeable resolutiffiia. It ws iaposeible to ^elop theie solutions 
ninlaydrin due to the eoloratlon prodaeei hj the interaction of the aBWjnlwi 
radical with' the nlni^dria. 
Better wsulte mm obtained with efneous acetone ioluMone. Ctoe • 
bundled ffllllili^rs of the buffered aeetoae iolutions irare placed in eaeh 
of the jars, the aoetone ooaoeatratioae wre iaoreaa»d by incremants of 
10 per cent fr<» 0.0 to IW.O per eent. After the iolutioas had risen to 
the top of the papera, the oyllndera ii«re reaevei and dried in a.ir by an 
electric fan. The ehroaato-pmw were sprayed with a bu^nol solution eon-
taiaing 0,5 &tmm nlnhydrin per 100.0 wiHillters end developed in a 110® 
oven for 2$ alautes. 
With ooneentrations of 0,0 to 30.0 per ©eat aeetone by voluae, toe 
protein Material had migrated to the top of the filter paper. With i»0.0 
per oeat aeetoM there was a sla#e eloagited spot between the % values 
63 
O.Tlilt and 0.893. With 50.§ p®r ami &mt&m there were two elongated 
»p©tS| #n® between -fee % values Q*Q97 and 0.115 and the otlier between iM 
valtjea 0,6$7 and 0.810. fMi latter spot ahoired some teadeney t® be 
divided inte tw© spots. With 60.0 per eent aeetoae there were three 
distinet apota. the first m& m the spot where the enayae preparation 
had first been applied, fhe seeoni bad an % value between 0.05 and 
0.013, and the' third Md an % valme between 0.SS3 and 0.663. With 70.0 
per cent a«et©ne tlw neparatiea wsa ameh lets distiaet, and the. mevewnt 
WIS aaoh leas, but apparwatly th«re w»e • atill the »a®e spota bearing 
essentially the .i®sie relatiea t© eaeh ©ther as before. Abeve 80.0 per 
sent a'owtone the^ wis sli^t atreaWjig, bat the aajority &£ protein 
wftterial renained at the apet where it w&e applied. 
fhe deteraimtiona between 30.0 per cent and 10.0 per eent aeetone 
were repeated, itaiag inereaent® of 5.0 per eent acetone, fhe beat separa-
tioni oecwred at 55*0 per^cmt and 60.0 per eent, with the latter aeesing 
to give the better iepkration. At 65*0 per eent and 7Q»0 per cent aeetone 
the aeparations mm not as clear. 
f. ftreiaration of liiltitol 
Maititol IHIS prepared by the redwetion ©f wiltose ^aing San®^ niolesl 
eatalyst. An alternative a»thtd, involving redaction of wiltose with 
ooditm borohydrid#, aeetylatioa •with aeetie. aoid to deotroy the boron 
ooaplex with the two ois hydr^yl groups, deaeetylation, and purification 
by adsorption on a caittoa eolia®, wa^ devalued by Smhadolnik (9I4). A 
email asomt of i^titol prepared by this laettod waa made available for the 
prelifflinaiT- investigitiona by Itt".'f^enoh of theae lab®»toriea. 
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1. m%9tUle 
(a) Hy^to'egwaiatioft anDaya-fettst 'fh® ij^fdregenation apparatms naa the lew 
pfaasira sha.teir type fflsmfaetiajpad hy tb® Parr iydr@g®i»tl©n Co., Molint, 
nilaoi®. Tim pm&v supply was a ^mrtrnf horse pwwr »tor which was 
titiliaed t© agttat© the Bimkmr 200 tiMS p©r otoate. A.w M.gh jareasir© 
bottl® soald te® tiaid for th© redmetloa, 
l^a^y nlokelt the atokfl all©y was isarehased frm the Kaney 
Catalyst Co., Chattanooga 2, the pr^eedtira of fogel (ICX)) ma 
m@d to prepare the Mmy nickel tatalyit, 
Pr®e#d«r@i A solution ®f 3^0«0 gpame of sodiwa l^droxide in 
750.0 ailliliters of water tos plaetd in a |-li.ter -'baBiker eqiipped with 
an efficient air powered glass stirrer ;Ct0 miniadae the danger ©f i^iiting 
the hgrdro-gsn). th® lelafeioa »«• ©ooled in an iet bath to 10®, and 150.0 
graas of the niekel-alBtiatnua alloy war© ad<3ted in saftH portitms over a 
period of abomt 2 hoars with constant stirring. The tei^erattire was not 
a'Uowed to rise above 2,5®. the stiirer was et^ped and the beaker removed 
froa the ice bath and allowed t© cmm to r©o« tenperatDure. The reaction 
nixture was slowly heated on the steam bath after the evolmtim of 
Jbgrdrogen had slowed, for about 10 hota*®—.-antil ttie evoltition of hydrog®a 
again alowtd. Mstilled irater was added t# restore the vol»e, the mixtwe 
was stirred, allowed to settle, and the it^rnatant liquid decanted. The 
nickel was traniferred 'fflilag distilled water rinses to a stcf>pered p*adi»!-
ated cylinder and the water decanted. A iolutim of 25.0 grams of'so^ta 
hydrojd^ in 250*0 ailliliterf of distilled water was'added and the mlxtiire 
thoroughly sha.,ie« to suspend the catalyst. The solution was allowed 'to 
m 
mUU and tb© alcohel d«oaiit«d, fii® nlcktl ms msimi hy suspenaioa in 
distillsd water and immUtim until tii® wasMngs w»r@ netitral to litnas. 
The niekel ma %hm msM thr®® ti»@s with 95 P®r eeat ©thanol aad thre® 
ti»s with abioXttte alc©h®l.. fht ©atalyit iwis stortd md®r abtolut® 
tthanol in tightly steppsred bottlts scapleteJ^ fiHsd with absolut® 
tthan®!. 
Th@ aaterial when asei ws nmm W8lgh®d,' but a itv®! t@«sp©©nf«l 
wa,s eatiaattd to^ b® about thrwi graos of aiotel# 
C®) SISSS* fflalt@st.was th®-C. P. p«d0 pure-hased fr« th® 
Ffanslithl Ch«a4®al Co*, ghieagoi 'Ulla^if., 
t. Pro®®dwe' 
Fiftstn gpaas of 0, f. aaltos® w»r® pl»©#d ia a high prtssara b©ttl« 
coatainiug 100.0 aiHilitiirs of distilltd -wter and 3.G' irs»8 of Baii«y 
niokel, Th® bottl® was then plaeei ia th® Parr hydrog®natim appamtta 
and th© syst8» flushed ©sTtral ti»®s with to reaoT® th® air. fim 
presatsr® was adjusted t# 55 pomds «id th® sMker' started. 
Th® hydrof©nation was allwtd t® proased wemight, after whioh th® 
. Mtmj niek@l ms reaoved by ©«itrif^glfflf and th® solution ai^lyaed for 
redueing iiigar. This iydrogtuatiaa proesdar® was repeat-sd several ti»s 
ttntH th# wltitol soltttiwi abowsd "rirtttally no redttsing sugar l«ft. The 
filtrat® was ©raporated wndar vaoama to a thiok syri# and stored in thit 
tixm in th® refrigerator. It was diluted to appr®£ii«t@ly a. one per c«Qt 
aoltttifiMs for as® a« a chrosao^ic stteatrat® for th® paper ohromatogrtphy. 
Analyais by paper cteoaatogi^phF showed mJy a traee of Maltose to be 
present. 
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Q,. S8t®raili«ti©n ©f Protein iitrogea 
Th® sai^l®s mm ani.lyz®i for preteia «ft@r «t@msiw dialysis by th© 
al0ro-.Kj®Xd»hl tmMiqm t»iag & •i©lid eopptr ®aLfst«-p©tasii» sulfsti 
eatalyst. 
Ctoi# aillilit®r of th@ solutioa eootainiag aa TOto®wn aMmt of 
aitrogm was reflT«»i lith we idll41it®r of aitrogfa-fr®® tulforic acid 
for «®*'half how or latil th# browj, eolor Mmpprnmi, 1 iaaU a»unt of 
oatilyst was umd t® epm^ th® <li®®B®»©«iti©a of orgsai© «tt«r,: and for 
©xtreatly r«#is,tattt aateriftli, a im drop# of hydrogsa perQ3Ei.di wwr® added. 
fh® IJ^ldaWL tttb® ws plAOtd in &m all»gij»is aifr©-IJ«ld»hl distilling 
apparatus with staam being aoti-r®]iy gea«:mt@d« Th® heat sotare® nas BionsB-
tarily rtaoved froa th® staan geaerator unit* aad 7,0 BjillUlttra of two 
aoraal fodi«m hydr«ide w®r® adtted. fh® l«»t m$ restored to the »t®aa 
,g9n®r«tor, aad aja aeidie solatioa bmff®r«d by bwat® brought up aroond th® 
outlet so that th® ©ad of the glAsi t^®, wis below the surf as® of the 
liquid, fh® st<Mia (ttstillatioa ims ©totlMtd three mtautei after the 
iiadieatcw had ©haaged eolor. ' fh® solutioa was thea titrated with 0.02 
noraal hydroehloric aeid. 
m 
If. lIKilMSifAX, WUKS 
A. Att««pt®a iBolMtIm of lAmit l»*triM8© 
Pa@ t® th® "^apiwss of tfc« iieas ©eocanaiag Italt d«xtPlnat® 
it.ms eonsiitrtti «t tli« ia©»ptl<Ki of this probXtm to oonoontrat® 
tQ>oa til® imrifioation of liMt dsxfepiiwis® in order to obtain an appreeiabl® 
quantity of tii® pmr® Mssy^ for fnptbar st«B|f-. 
ftwiotis wortoir® (103) had pablisliti a wWiod for tiw pirificatioa of 
th@ lisiit dextrioas® of AagorElilag orygaa* fb® applieatioa of thli pro-
©•dar® bad X®d to i produet M# In li^t d«triiiat« aotivity but witb 
mily traces of aaltase and al^-«:^X8st aetivity rwftiaing in %im prepara~ 
tioa. Jk lAt®r worl«r (65) sad# S0^@i«l attfi^ts to apply this proeedmre 
to a ooaasreiaUy airailabXa ptoinot of AgpsrgilXms oryaae but thts® 
attaints war® unimeeasiful. 
Th« filfepat® of Aspergixitts »ig®r ffiSL 33© bad b«®n. shown by this mm 
worter (65) to havt a highar' limit iiwtrtaa,®# ooattat thaa ths filti^te'of 
any variety of Asptrgiiatts oryaaa and terns th® for»sr aold ureald prodiie® 
to® «ir® desirabl® startiiig naterlal. 
la tha preaant work s®r@ral att®»pts wtra sad# to adapt this procedure 
for isolation of liait d@i£triBaaa to flXl^ata of Ai^endHns niger ffiili 
330. • fha first atteipt was aad® with l^it^ nHlillt^s of filtrat® and th® 
saoond attempt was mada *lth liS.O litar#. Th« ba.ste proo«dw® used ms 
that of Undarkoflar and toy (103) liiich it given balow in diap^awatio fora. 
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1. Proe®fey« for tte ggrifioatioa af llialt d^riaaa# (103) 
Solid taaoaiia salfat® »M©€ t® 50.0 
liters 6f 0liill«i fil-^at® t© thr®@-
fOTirttei- ifttwitloja, I®pt ovwaigbt 
ia refpig@r®t«r aM 4«eant®€. 
f  
A. Rr®0ipi'tat® 
mssQlv«d ia 5.0 liter® ilstillai 
wittp. ?&©, pB adjusted. 411 k»2 ttsiag 
a aonaal aettd®- *®id. • fifty grtwi. 
Baiat«ite t-d^d, ihaton ©a® iiew» and 
o«a'topif«ged. 
J  
Supernatant 
(Msearded) 
I 
1. Smper08ta.»t (5.0 liters) 1  
Solid asrooBiaa imlftt® added to 
tlr«®*fotjrtlis iattt»tioB. Chillsd 
overai^t aad cwftta-ifu^d. 
Kpacipitate 
(Msearded) 
C. Ifecipttate 
li88olv«d ia 500.0 alHili.t®rs dtf-
tillad wnter. Solid %mmwd.m sil-
fat® aiiitd t© t}MPt»-foin&t 
tion, tb® f@lttti©a ©Mlltd @v®mi#t 
and centrlfapd. 
Supsrnatant 
(Disoardad) 
B. Pp«cipitat« 1  
KLtsolved ia SO.O .BriLllilitsfi dii-
tillad i«t«r, dUi^lrttd in <s«ll®]^w 
bag for 3 days, apiaat rumrf-sg, tap 
iiit«r and tii«a for t days t,g»iast 
iistilltd iKit®r in tli® e^d mm at 
3j® ©©ati-grsii. G®ntri^g#d «ad 
80,0 Hrfllilitars elsar solmtiea du­
es at®d.. Eighty Mllip-am®. ©f solid 
nareial® ohloridt aiited I® %h» s#lm« 
tl®n# held at JO® .e«atigptdt for ii 
hoTirs, and owi-fepifi^ed. 
Sapsmatant 
(Biseard@d) 
# 
1 
S. Sttpejmataat 
Mitlyaed la teag im It. daps 
ftgaiaft rwaning -tap and thea 
2 days agtiatt distlUtd mt« in tlt« 
mM obaift}®!? aad eeatrifttfid. S®lid 
aw>nJttm, added to clear 
tloa t® aaiwtti^a. 
GMHed ovearaigfet and 0entei.fttg«d, 
fspeeipitat® 
(Disotrded) 
f, Precipitate 
IJiss0lY#d ia aiaiira t©lt»e ©f dis­
tilled water aad «ip«l Tolwas ©f 
satttrated aawjaiw ^walfat# ©olmtic® 
added. 9olid' s@diw cliXeri^ aided 
t© iatwati£«, held im •$ kofflp# at 
30® Centigrade asd ©e»telf^g®d. 
1  
Supeniatai^t 
(Msearded) 
r  
S, ei^stalliae iMpeeipitate 
Dissolved in alaiiraa r^lmm of dis-
tiJled irater aad re«rystallis«d toy 
adding am etaal voltms of'aatwated 
anooniiui siflfate solution, ghilled 
owe3»i^ in refrigerator and 
•centrifaged. 
I 
Supernatant 
(Discarded) 
fi. Crystalline precipitate 
(2<iait tetriQa.se.) 
Supenaatant 
(Disearded) 
thm Bentonite a^orption ia the artiele sited nae .given in a flow 
chairt as oeeurring after the tMrd aaao^Mi sulfate precipitation, tout one 
oi the authors ia a private oasMnioatioa iadieated tMt it fpas actually 
after tii® first aMioniu® sulfate preeipitatioa, as mentioned in the toody of 
tbe artiele. 
TO 
2* Hrst 
Th® foUoiiiig is an of tib# first uttea^t ®a & saaU 
scale to a^apt tiia proetdtjr® ©f Icy and Uaderkofltj* (103) to a filtrat® of 
Asptrgillm nig«r iMi 330« 
fta® 1-littr nidt-fflomtk »rl«»y®r' flaales, ®a@ii eontaiaiag t00»0 
Billiliters of th® st«riltaei »<liit«» war® iaoeiilated with apornlated iw>ld 
bran ciiltw® ©f Aiparglllitta nig®r iliJt 330 by the followtng aethod, Cto® 
h«a&'®d Milliliters of ateril® vat®? were added to or® of ti® sporulated 
mold bran eultures aad th® irijctw® was vigoroasly swirled «Mtil the sold 
bran was well sxispmded thromghoat th® solmtioa. Portions of several 
ailliliters wer® withdrawa iato st®riliaed ^ss titjes aad traasferred to 
the steril® fsiwntatioa ilMskM, fhe flaski were placed ia th® r®eiprocal 
shaker in th® 30® Ceatigt^d© iasBteator ©abinet aad tte mold allowed to 
gtm for 9 days, it th® e»d of this tia®, th® flasks were reaoved from th® 
iaeubator and the ooatents filtered throu# ehees® ©loth aad thea through 
filter paper to reaoir® th® i^yeelia. fh® filtra.t®, wMeh had a volaae of 
approi3ci«te2y l,lt50 ^lliliters aad a liri.t dsatriaaae aetivity of 8.0 
tinits per ailliliter (22.5 p®r o®at eoayftrsion) was chiliad ia the r®frig0r-
ator aad for the first preeipitatiea 7?3 of solid aMaoniim sulfate 
w®r« ad<fed sloidy with eoastaot itirriag natil th® salt "Wis <a.sa©lv®d. 
fh® solubility of aaroaiaii s^at® at 0® Oantigrade is 70.6 gra« per 
100.0 ailliliters of water aad at 10# Seatip-aste is 103.8 graas p®r 100.0 
ailliliters (35) • fh® tea^ratur® of tta refrip>rat®r was Measured to be 
10° 0eatip«d®. By iatef^olatioa the solubility of aameai*!®! sulfate was 
calculated to be 73*0 gifsw per ICXJ.O ailliliters at 10® G«atigrade whieh 
II 
ms th® valtt# «s@d thrott|^©at th® ©o^pst ©f tM.S work. 
fhs B-apsrmtmt s©lutloa was i«eaat«4 and th# sxotss liquid «w)T@d by 
©tntarlfttging and dtoaatiag the ©XisrefStd solmtioa# Gm hmdwd and forty-
flw aillill%®i»» of distilled m%m mm sdd»d t® the pr@®tpitat« -and th» 
solatiOB *ss stiivdd aiatil t ttnifom smpmsim mB obtoinsd. 
fiT« aiHilit#rs mm nitlJir^wa i&t Halt d«trii»s« analysis and 
dilmt«d to lO.O «illllit#P» in « vul-mitfit fUi-sl;. Portl«i ®f t.O, U.0» 
6.0 tad 8.0 Mlliliters of tlie @»ay«® "•felntion ««r@ t<M#d t© 10,0- Alli-
lit«r T©l«m®trle flasks and thta dilated t@ v®lwi with distilltd i®t@r. 
tim wmlting ®0ltttiow tod e«ie@nto*atton® -with rtspeot to tl»# origii»l 
solution of on# t© ten th.® origiaal 5»0 •illtli^w dilut«d to 
50.0 «illilit0fs), two t© tSRinty--fiv®, tiart® to fifty, •on® to tH»nty-fiv» 
and ont to fifty, flie y@stilts .©f ttm analyais tr@ in fabla 1. fhe 
liait daactrinas® eoncanti^tioa was ae§#pt®d as 55 tmit®. p@r alllilit@i". 
f«bl« 1 
itesalts of Lioit Dtsctyiaas®, Analysis upon Solution eoataiadng 
th@ arst Brtoipitat® in' tb« first furifi^ tioa Attta®>t 
Mlutioa far osnt Caiti ^ Units per 
faetor eonvtrsioa alllllitenf in • Mlllilit<H?' in 
solution aailysed original solution 
1. ii5o i.f 1.0 5o 
2. Ii50 6.2 2.2 55 
3. 3i50 10.1 3.6 70 
it. ktSo 13.5 it.6 60 
5. 5i50 13.5 US k8 
It 
for th® i^eoni ijcpeeipitation 7|.0 of taaonita stilfaia ware added 
to til® litO..O rtnilitw s«liati®a ®<®tai3Bdng tli® pf«@ipitat® fro® th@ first 
praeipitatioa and ths ©olutioa was ehilltd la the rsfrigerator ©veamight. 
ffee solids did mot a®ttl® t© th« holtm of the flask spoatansously temt 
did 8«ttl@ mpoB ceaiariftigatioa of tim solutioa# fit® smperaatant liqtJdd ms 
d«@ant«d aad 11^.5 •Milliliters ©f diitllltd ii»t®r addtd to the presipitat®. 
fl» ppt«lpittte imt not mtiwly selmbl®!, f©r a slia^ black aaterial «8i 
not diisolv@d. fM» »t«ri#l ms r®»T®d W csn^ifagatioa aad saved far 
possible fmt«r® analysis. Six-ttntiBi of a adllilittr of tels sAution 
©ojataiaiiig ttos sseoad pr«®ipi1»t® was diltitsd to 50.0 ailliliters in m 
vol'OBs^i© flaik a»d taalyi®d. fla® per e®at .hydroly^s t»s 8.5j the liait 
d«£triraas® ©meantpation ia tfe® solmtion aot«ally ussd lot the analysis 
ma l4»8 Buits p®r' ttlUilittr, whiefe iadioatsd a ©meentratioa of liOO.O 
•liffiit dwctriaas® «aits par idlilitw ia th@ soltttlon ooataiaiag the ssooad 
precipitate, or a total of 5*8®} units, •fhe -proteia aatorial la th® re-
oaiaiag solutioa ms preeipitatsd for th® third tiuw by adding 7.3 grami 
of att»aiu» sulfat® aad ohilltng la th® refrigei«tor ovemi#it. Ihea the 
solmtioa ms ceatrif^td# a ftlatiaous blaok aass settled out quite 
readily, but there uwp® several wry fia® srystals »toioh eotild aot toe 
separated by smitrifugiag. fh® fla® ciystals appeared to be aa insoliufele 
laor@iai@ salt* 
fhe third precipitate wis ^.ssolrsd ia lli.O atlliliters of .distill.ed 
*at®r aad tdie pi adjusted to k»S "^ith t.© aoraal ae®ti© a©id. 
During this adjustaeat a precipitate it»s foraed,. which nas iasolufele. 
«?ea #i«Q the solutioa iws diluted to 26.0 i^lliliters. After 1.3 grams of 
ieatoalte wore ad<ted, the eontaiaer was tightly stoppered aad placed ia a 
r«0ipr0©al ihafe®r la ih« 30® laottbator for t hows, fhs suspension ms 
then etntrifu^ed and the •eluar# e@lorl«»s liqtiid dssanitd. T^«» Mlli-
liters of th® solmtion w®rt withijpaim for «p®riwitttatioB., X^,k ffmm of . 
aaaonim .imlftt# nir# bM<@4 to th® 13.0 *ilXilit@r iolmtion refining after-
the Beatoait® a^isorption tad fUtyationi and the solution' called overai^t 
in the refrigejwtor. Whwa the solmtion ma e.tntrifapd a teir «fflall amount 
of appiireatJj eryitalliae laterial wsii colleoted at the bottom of the tutoe 
did not-diiiolT# even itotn the solatioa ms diluted to 60.0 »illi» 
liters with distilled water. A 5»0 Milliliter pi»rtion of this 60.0 adlli-
liter iolution *is withdrtua for analysis and dilmted to 25«0 aiillilitere 
ia a voliaietrie flaek. One milliliter of thi# diluted solution emtained 
2.0 lifflit diExtriKftse unite and oaueed S.5 per eent l^drolyeis. la<^ 
isilliliter of the ^.0 *illilit®r# therefor® ecmtained lit units of limit 
dejEtriaise aetivity, or the entire eolmtion e®atai»d 81#0 units of liait 
dostrinase aeti-ritj.. 
Work on this solution was abandoned Mmum of the eEoessiTre loss of 
aotivity'that had ©eeurred. It was detided to repeat the work, on a larger 
s^le da® to the postibility m the iwll soale of tois work saall 
ineidental losses ooiuiriag duria®'transfer of preeipitates, ete., aay 
have assua^d a disproportionately ^eat iafluwoe on .the per sent of 
ensyaw reeovery. 
The saiBplss fro® tfc® second and third aawcsiitt® sulfate precipitations 
were not analysed. 
3. Seeoad atteaigt 
Mtrnt th« ptml&m saall^seal© piwifieaMoa ati«ipt had failed, 
att®ii)ts mi"# nasfe to pw lapfor tmntitles of %im enltwa in 3- 5-
gallott earb^s with ©©pp®r tttbl»g a«?«tep« hf asing %im «di\m of iha 
and Bltek»©od C^l) with aaaoalim sM^osli# asd w«a as th® nitrogsn »owo®s. 
k flask of th® diy aoM-toiwia material prsviotitly atotionsd was oasd to 
iaociilat® eaob oayboy. As tis® §^t«iits of th® earboys siiow«d no evideno® 
of sold gpowiai after ?g ho-ttp®, aaotfa®? -atta^t THIS aad® asiag th® la^.® 
Qpffv® foMiHtla. Ia thia ease alao, a© appraciabl® growtii oeottwed. 
After iai8ttoe®8Sfal attai^jts to p»®ir tk® »ld ia carboys, tS gtlloas of 
mSivm using tim mgl@ Qroir# feawala w»r# wd® amd ateriliaed in a 50-
gallon 8taiia.9is st®«l waporator wMeh Md b®ea ^®qttlpp®d iirltli aa aerating 
unit. Dtt® to th® laek of p@inf(gre®a®at, it las Eot smsidersd aaf® to 
u8® the usoal ireasmre of 15 pOHsds of prsssw® for stsrilizatioB, 
and so to® taak and oontaats w«r® sterilitad at a itea® prssaw® of S 
powida for 2 how®. fh« aelmtion Teas inoettlat«d «itli tbr«« lO-gra® portions 
of sporulatad weld-bran otjltnr® of Afptriillii®- nii®r iSffii 330. After 6 
My® the ferwantation wa halted aad a sisipl® «Ka»ia®d visaaHy by aiero-
foopi© obsorvmtioa and by plating a ia»pl@ upon sterile agar. Ittcroseople 
®3ca»tnation r®v®al#d Immy ^eelial growth with no visible widenc® of 
contaffliiation aad after ItS howrs of ine-afeation at 30® th®' agar plate dis­
played nmeroms ooloniss of Aapergilltta niger but no fojpeign eolcmiss. 
fh© soltttion Ti»8 filtered tiirotj^h ohtese ©loth to mmv@ the wyeelial 
p-owth and returned to the mtmrn evaporator to eonoentrate the solution, 
Eowerer, ti» weim pwap failed before any appreeiabl® eone«tration took 
7$ 
pUm aad »© this st®p was •Xiainated. fh® d«xtriaaB« aotivitjr of th» 
solation m» d®t«3rain®i at this sta^, two ietaralBatlona baing mM, 
Oae was th® origiBal. aadiltttai aolutioa and thS' analysis iadi-
•sated 2i per e«t l^droljai# wMch wowld oowespoad to 6.75 Hwit 
dextrinas® tmiti per millilittr. The other deteraiaatioa ma apon a 50 
per cent dlltttloa of the' motMr liqtior. fhe per oent i^drolysis of this 
dilated soltition was lit.S which would oarrespmd to fc.33 units per milli­
liter. fhis indicated a limit deeEtriuaie e«tent of 8.66 anits per 
ailliliter ia the origiiaftl solmtioo. As the^ per oeat of smversion in 
the_^firat deteralaatioa iias out of the range of aeetiraoy, the aeecaid 
detenalnatioa of 8.7 "anits per Alliliter m» aeeepted a® the limit 
d^triaase ooateat of the soltttion. 
for the firat Mmmml-m. aalfate preeipitation about 7.k ldLl@®pa»i of 
the solid salt were added ilowly to the e«teats of three earboys with, 
eontiaaal stirring laatil the lalt ma diaaolTed. i^eh eaapboy cmtained 
ll|. liters of solution. The solution ms allowed to stand overnight ia a 
refipigerated roo«. at 10® Oentip»ide and the ei^eraataat liqtiid was 
siphoned off. fh® seai-^iolid reaainder ma omtrifaged to expel the 
remaining lifaid. fhis first preeipitate -wis diasolved ia lt.2 litera of 
distilled iKiter aad iaaples withdifam for aaalysii, the reaalta of ittiich 
are glv«Q in fable t. 
fam® t 
iisttlts of Malt 'Itetilaii» toalyaii upon SQtetita Omtainiag ttowi 
S«eoai Rp«0ipitat« in ths Steoad Ptirlfieattoa Att^t 
S#Xtttioa P«r eeat Appar^t limit Aotoiil 
mmwsim itxtrinss# li»tt dastriaas# 
e€»©entrsti©a eoaeeatratiea in 
ort^iail »olttti©a 
1. fiiiilitsd ».6 30.4 30.i* 
t. 1 t© 10 T.0 2,$2 2$a 
fm liait ds3Etriaas« eone«fto«ti0a liss ta.teiii m ZJ mits p®r Mlliliter, 
lh«a a®»i^iia 8«lf«t® ma aM«sd t© th® .®®liiti9B &f th® first pr®-
sipita^ to thfl?«®-.f©«rths »tw«ti@a th® prteipitat# ws' »© flocetilent 
that 0«mtrif^ation ms -not pof®ibl«* to to rmm® the inaotiva 
«lmd^ th« solmtioa was dilttted to 3.0 litsrf m& e«atyifag«d. fh® seii-
solid slttdg® *af th®a ©xtraet®d t*i©« ulth saeetssiv® nashei of 500.0 
aHlilitsrs of di#till@d irat@r, whieh wsre add®d to tlw 3-Ht®r solmtioa 
to *k® a total voltrae ©f ^,0 littr#. 
AwioniM samt®, (1.5^ kllopfaM), wat addtd t@ th® l4-iit®r solmtioa 
ooataiaing the first pr®@ipit«ito to thr®®«fo«rths i»ta3»tloa. ' fh® solmtioa 
wii cMllfd w®»ight aai atntrifugid tirlet, the p^oipitatts beiag eo®^ 
t3ia®d. , Fota* hradred and twintsy aillilit«r» ©f •distill«d witar ii®r® addad, 
and the watar and preoipitat® ttioromgW^r itirr®d to ssaatoi a •anifo» 
•ttipaasioa of th© memi p'aoipitat®. A lO-aiUilitar sai^l® of th® 
stispansion ©.oa-|»iniiig th« saooad preoipltat® was reMirad for p©»sibl® 
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annlysis, and th® solution eentrifu^d. Th# s«ffli-solid sltidgt was 
disoarded, a 10-«illiliter saapl# of th@ altar aupematant solution m» 
Withdrawn and a portion u»ed for th® analysis report®d und®r "A* in fatol# 
3. Thasf two saa^a.®! war® later ooabinad# ©eatrifufed, and th® resulting 
solution used for the @xp«ri»nts d«s«rib«d later upon d«tran^ isoaaltose, 
and panose. 
Two hundred and twelva gra-as of awjnim salfati wsr® addtd to the 
ii©O,0 ffltllilitsr solution eontaining the saeond p»®elpitat® and th® solu­
tion chilltd oremight,' Th® soluMon was eentrifug®d» th® solid was 
suspended in $0»0 Milliliters of distilled water and a saafsl® of 10.0 
fflilliliters withdxmm for possible anaj^sis. The pa of the reaaining ii7.0 
lilliliters of solution containing the third preeipitate was adjusted to 
fe.lS toy adding 2,0 nor»al aoetie aold. Then 2.| grass of Bentonite were 
added and ttie solution was agitated in the reeiprocal shaker for 2 hours 
and ©TOtrifuged# The supernatant solution ms de.eanted and the precipitate 
disoarded, A 3-fflilliliter sample withdrawn for analysis gave the results 
glTen under *8* in fahle 3. 
Solid aw»nim sulfate ^atts) was added to the solution result­
ing fr€» th® Bent®aite adsorption and filtration and the aixtupe ohilled 
overnight. The solution was oentrif^ged and th® preoipitate suspended in 
50.0 Milliliters of distilled water. The result was a thioJc grey suspen­
sion frow wM.ch tto« solid iwterial could not toe removed by the high-speed 
SerraH ©mtrifu^. The aaterial ms transferred to th® plastic eentrifuge 
ttabes with rinsing, and so th© volu«f. was 51.0 aiHiliters. A 3«0 milli­
liter portion withdrawn for ana3^sis gave the results indieated under *0* 
in Table 3* 
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fli« pea«iaiag SO.O adllilittrs of aoltttlon w®r® dlalyatd* apinst 
pwming tap m%m for 3 "bhwi against distillad water for 2 ttoys-. 
Jk leak developed ia the dlalyiii Mg and tlm® the proteia eolutioa waa 
iaad^erteatly dilated to liter. 1 10 ttilliliter ea^le was witMpawa 
for posaitole aatlysis aad ^mm of aMsalwi sulfate war© added aad 
dissolved, f fat solatioa ma oMlled '©veraight la the ioetoox aad ceaia-i-
fyged, fifty «illiliter« of distilled water were -adifed to the iareolpitate 
aad the Miatar© waa dial^ried agaiait raaaiag tap water at rooa teaperatare 
for ii days aad agaiast distilled mter^ ia^ the eold rora®. Aft®!* oae day 
ia the eold -rooa a leak i»s agi.ia fo«ad ia the ^a'2^is bag. 1$ aoae of 
the dialyies aads iiib^se<nj»at3y with the mm etUophaae tabiag aad 
aader approxi^tely the sa«» §«t.ditioa# showed ai^ teaieaey to break, 
this was iaterpreted as beiag a atroag iadieatioa of the preseace of aa 
active ceHalase ia the prepapatioa being dialyted. fhi volai® of the 
solatioa reaaiaiag'wti 35.0 ailliliters, of^wtii.eii 5#0 Mlllliters were 
withdrawa for aaalyila, leaviag 30.0 Milliliters, fhe reealts of this""' 
aaalyiis are i^vea 'aa^r «D« ia fable !• 
Thirty «illigra»i of aerowie ehl'Wide wem added, the aolmtioa was 
esfttrifaged after fe.O hoar# aad the eapewiitaat ll«pid dialyased agaiast 
ramiag tap.umter.at rooa tei^ratare for li days aad agaimst 'distilled 
water ia tlM» iee b<a for 2 •with the water belag ehaaged periodically. 
The final voluoe ms 27.0 i^Hillters, of which 2.0 ralllilitere were wlth-
dpawa for aaalysis. The resalts are .^giveo mder ia Table 3. 
#fi8kiag Oellalose Outage' dislap, "6733 West 65th Street, Chioago 38, 
Uliaoia, 
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fh© prottla mUrUl wat pr»etpltatsd by adding 13.3 grams of aamoniiam 
stfljafc© and cMlling ov^miglit. fli© solution was eentrlfrnged and tli® 
pr^Gipitat® dissolvtd In 30.0 atllillttrs. A 3.0 i^llillter sampl® wltb-
drawn for analysis 0m th® resaltt 'Hated nadar in Tabl® 3« 
To t.h® r»*ining solution, 27.0 allliliteri of saturated afflaonita 
Sttlfat® soltttioB nwp® addtd as well at IT.® p'aas of aodim chloricte. fi» 
solxitlon nts plae«d in the 30® iwit@r bath for 6 laows. ttm mly oryataHin® 
Material obserred at tW.® »ta^ were a few andlssolTtd eiys'tals of sodiwa 
chloride alttiou^ tl»r© was a eoatlderabl® quantity of aaorphoas Material, 
The iolution was O'entoiftiged and the preoipitate dissolved in 28.0 
»illilit©ra of distilled iat«r. three stlliliters of solution were with­
drawn for poasible analytii., 15.0 ailliliters of saturated awoniiai 
sulfate solution added and t\m •iiii:t'iar® oMUed overai^t. 
After about 12 hows, fin® partieles of a grey preoipitate were 
obserred floating in the solution, fh® solution «if eisitPifuged to separate 
the laaterial. fhe fuperaa'tant Solution wt® &.eanted, and a portion of the 
aaterial observed under the aieroseop®. there were observed large, aassive 
crystals '(evidently sodiua chloride), saaller, al»st tpherioal crystals 
(evidently awoniua sulfate), and s»ill, isolated featheiy ©lusters of 
apparwatly orystalline s«ter4al itoieb reseri&led the photop'aphs of Asper­
gillus orysae Halt- djatrinase ptatolished by fnderli^fler and ioy. 
{fee ^.lliliter of 'distilled water wis added to this precipitate and 
one-quarter of this tafcen for analysis, fh® quantity of liait dextrinase 
found was ne^igible within the llMts of «Kperiraental error. 
laltase deterMnations were also eondueted upon several of the solu­
tions. Table It gives the quantities of aeltas® activities in the solutions 
analyzed. 
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was a. lin^str rslfttioasMp b®tw9en tb® 'asteat of i^drolysii and 
the lisdt d«ferli»st coatent m d®aonatrittd in fabl® S> when th®. two 
•alMfS for all of tlie d®t@»laatiQns w@re era^iltd. 
Baek, Stark, and Soalf (1) fomd the aaterial fro® Aapargillaa orygae 
to be very high in lialt dextrinaae a@tiid.ty at the ste|> eorreapoading to 
ow la#t step. Ba® to the virtttally eoi^lete loss of mmym aeti^ty with 
the filtrate froa A»per^3tlns niieri the latter steps of the prooedure at 
least would need to b® «li«l»ated and be replaced with another procedure, 
the three preliMnary a^alttm sulfate preoipitatioaa oowld be retained as 
a coneentratioa prooedwt .faitable for aaeh of the inactiir© 'ffltterial, bnt 
©Tea these preeipitatioas «is«lted is eaceesiive loss of liadlt dextrimse 
acti'vity. 
•Prior to the <^velopiatnt of anothw purifieatioa proeednrej, however, a 
shorter ajsalytieal' »ethod wsmld be deairable to aroid the exceisiv^y 
len-gtl^ ana.lysie £m lijiit tefepifflise aetlTlty. Mth this end in wind, the 
•otioa of a e<»e«trated liMt tetriastse i^eparation upon baeterlal dex-
traa, panose, and ls«nialt©i# was itadied. If the easyae fraction reaponsi-
bl© for the llait dttxtr'iaaee aeti^^ty eoald hydrolpse the alpha.-l,6-
^tieosidle linage, a aea8ia?e»®Bt of the inereas©' of redtioiag sttgar c^atent 
woiild afford a ocaavenieat inte to tJie lialt dextrinaae aetiirity of the 
solatloa. thif the pa*^©»e of the work dfseribed in the inroadiately 
following seotione.* 
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B. Actlen of Coatwtrated Mtjm Prtparaiioa 
apon laet@ri«.l 0®xti?aii 
fenir rms wir« eoaiaetwd m^r mrjlng e«dltions -t© asewtaia tli® 
®ff@ct of a mmm%mUA selttttoa of limit ^tetrims® upon toctpaa. Tba 
pr®G0«lap0 nils 'largely patt«ra®d aftw tht ppoe^iares of fsueMya, 
Iwtgwsry ami Cor»a (101), md Ba.«k, Stark aad Soalf (!)• 
1. Firat ran on elinieal dertpan 
(a) mtariaiat 
Bttffar 80l,ati(wit A 0.3 wd.ar acttat# btifftr solutim, pH k*1» 
ms pp«far@<i by dilmtiag a solutioa offlitaiaiag 24,6 grams of soiitta 
aeatat® and 17.1 rtllilitars of ^cial aeetie asii _to «® litar in a 
voltawfepio fUiik asing diatillsd mtm, 
Itet^ni Th® daaetapaa tts«d i»s th® type ppodmoed fey Stregte* 
feaQteritai daxti^nicqm IBSL l-ltSIt whioh eontainad alpha-1,6- and aiptoa-l,l»-
glneosidie linkapss ia a ratio of abowt 12 1. fh® aat®rial us«d was 
•obtained from the lortham lei^oasl l«»®arah I^feoratory, at Peoriai 
niiaois, and wa# lafeeled *»01inif»l Itetran Solid, Br«paratioa MlEIi -J5** 
Bttffarad diOEtyaii salmtioni Si3c-t«tbs of a gra» of diractran wat 
dissolwd ia 50.0 a411ilit«rs ©f th® teufftr solation in a volnaetric flask. 
Eaayaei TImi ®mym> prapiration tta®d was fr« th® second att«mpt 
to pwify li«lt daxtrinass. Twenty silliliters war® withdrawn from the 
Ii20.0 ^lUli^r solution eontaiaing the seoond a.MBosiaB salfat® precipitate. 
After e®atrifagiag, this solmtion was used for the work as w®ll as th® 
iS 
0f ianos® aai isffiwltos®. Tl» aolutloa emtstnai appjrsxtaately 
190 wait® &£ liatt <i«Kta'iwi8® aetivity 16.1 laita ®f aaltajje activity 
p@r adlliliter. 
Cfe) 20.0 •aillilit«3P poarbions of b*iff®r®d dsxti^n 
solution Wir® ty®asf®*T«<i by fol«aitrie pipett® to m@h of two ltO-»illilit«*» 
piastie c«ntrifmg® tubes, fli® ttjb«® mm pHotd in wtar baths aatintained 
at 30® mi 35®-
Sev®n Bdllilitars of ^still®d »»t@r and 3.0 idHiliters of the 
B»8QWt solutioja wtf® added bj pipstt® to ©aoh -of tfai® ti3b@® aad wen sMtesn. 
fh® ti!» of additioia ms wjcor^i. 
fli® tttbes mm aaiatalMd ia th@ eosstaat tw^aratur® water baths and 
5.0 millilitar aliqaots wil^djraim at <i»fiait@ inttififals by pip®tte for 
analysis. 
(e) Analytieal «®tliodi fh® 5«0 ailliliter aliqaots wer® added to 5.0 
Milliliters of 1.5 aatwl sodiiw ^dreadde in 100.0 »illillt«r voltaaetrie 
naslcs and allowed to stand at r&im tei^satwe for 3© Mnates. 
fh® aolmtions were aeatraliztd to a satti^l red «id-point with 1.5 
aoCTial hydroehlorie aoid. 
fh® fli«toi wer® dilated t© vol» witto distilled water and analyzed 
for rettaeing sugar® by S«ogyi»s »th@d. 
(d) Qalettlatioa of the per oeat ftetran .l^rdrQly®ig.> the inforffistioa 
aeooi^^^g the dextraa iasiElsated that the average eiiiin l^gth (a® 
estiaatedby S©»gyi's gapr'determlKfttion) was approxiaately 29S glaeoa® 
86 
iffllts. fh® «<patioa for hsrirtlyits.-wi® ftsaiwd %& to® 
lash 5,0 w01ill%®r porMo-a wi%Mmm. for analysis eoatainsd origl-
willy t.O rtliigrams &£ dtelwaa, w-hleh would b© ftmiTalsiit t® 2.22 «ilXi-
graas of glmeos# if it wier® fulXy iQrdrolpstd. Th® par e«at of i^drolyais 
*as given by th® following exprassioa.. hi this •txprsisioa tht iatejrawdiat® 
hydrolysis prodacts mm aisuasd to i»m rtdtteiog poww tquivalaat t© 
glti®o«®. and the rtdttoiag wlm® of tte d«traii ititlf to b® negligibl#. 
Per e®Bt l^olysia « williBraiBi ^uoose tgaivaleiat x 100. 
?.22 
C®) a^ri»ntal r»sultat fhe results ^taiatd at 39® aad 35® 
C«tigr«<^ ar« given ia »le 6 mMt Ik «nd li^ respectively. 
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fabl# 6 
Mmlytlml Btitats of i^srdyolysia of D«fe«sin 
wltk amostttratud Wmjm Solmtion* 
Ptep gent ardrolg-iia 
•Iteftraaet (Tia® ia liatttaf) 
to Taxt 0 3Q 60 12i 180 2l»0 300 1320 
A 
I 
B 
0.® . - -
0«0 •• •• 
1.3S 
Q,m 
1,80 
i.y» 
1.8© - -
1.80 
'W M» 
mt *m 
5.87 
r,m 
2 ©•O 0.1 isi 3.S1 3.15 - - 14.87 
A 0,0 mt w» t.|0 » » "*• - 3.60 
3 8 
0 
0.0 
0*0 * "• 
4Mk MM 1.?© 
1.90 » • » » 
3.60 
g.to 
mt 
2. 3eeoi:«l yaa on eUnl^cal atacypan 
(a) merialat 
Biafftr aoltttioat Sai» as in first run. 
PwEtyaai Sa«® as in fiptt nia. 
««ritii th© «o«pttoa of 30# wteiok wad tli® oyigiml filtrat® froa th» 
seeoad attaint to liait iiaetilmia, th» soltttloa ti»«4 ia all 
of ttoesa ci^rii^ts iws tfe® WmO aHlilitsp iwt^le wittetoiim fro» %lm I420.0 
willilitar solatioa ©wataining tike saeond aaowaiw swlfat® ppaclpitate of 
ti» seo-oai attest at parifioatioa. fha solatioa m$ ©'tatrifafed prior t® 
mia» 
S0 
Baffeared aaXuttmt .Slx-tmths of « gram of d«jctran ms 
piAoed ia a ,^.0' wilMMMm v^luMsteic flAsk. f®a iri.llilit«rs ©f tM 0.3 
aelar aoetate buff®?-. {pH ^#1) w® acWtei aM thi soliiti©a fluted %q $0,Q 
nilliliteri'. 
^msmt S8m« as ia first 
SSSSfei* »illilit«pi of th® temffwed diattran soliatiOB 
wtr« added W pip«tt® to a liO.O iAllillt««r plustie eantrifmpi tube, 
Sm»n «lllil.it<HPa of distilled Ti»t»i? mrm tddtd bj pipatt® and tlw tia>® 
aad its emtsfflits were «tiilibi?at®d ia a ©nsftaat tsa^seratttr® «at«r bath 
«aintaiii®d at k9^, fhif®# alllilitftrs ©f th@ iaa|>l« withdi^wa frm th« 
1*20,0 idlliliter s®lwti« mm a^d and »ix®d| th« tim© aoted, and 
withdrawa p@3Pi#dis«lly fer iradaeiag smpr analyidf with tha 
S(3it©iri' riagmts* 
(®) Analyaia »d aalealatieiiS't Saa« as ia first rm* 
(d) WxmHmnt&l z^^altat fh« raiilt# ©btai^d ia this wm ar« 
givsa ia »1® 6, nadtr t. 
3. third rtia m eliaioal d«ta?aai •mgfing sB 
Th« third •«sp#ri»®at e«4i,@tsd ap^ slisiieal stetraa i»«d the tt]^«r» 
attir® of |<$® to sf®«d the r^etioa. 
(a) mtftrialat 
Buffer aolationi'i tw© baffw @©iati©aa ii«r® «s®d. 'Qa® nas the 
0*3 fflolar acatat® buffer (pH 4.1) prepared by dilatiag 2li.6 grass of 
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h«d r«pe3pi®i th« Ijsr&rolytii ©f istwiltose hj fiitrates of cultures of 
i.»i?®rgi21ms aiggr 3J©» 
Q, i©ti©ii ©f 0«i©«trtte<S S®latl©»s «p®a Baraos® 
1. jatsrliila 
ftoeest fh® nseessary answat ©f aahirirotis direwntogpaphioallj pur# 
•jpanoa© pr«|«ir»i by Br, Bta i»s STupplled by Bp. B«t®r li-dneli. 
BaffoT' fli® 0.3 wslar aettat® buffer at pi deierib®«i 
TOd®r ti3» proetdwe f©r %km ®f Itoitraa using fmgal m%jm 
Qm&mimim i»f f^r tMs '«ac|»eri»snt. 
ittff«r»i paaoa® ai»lttti».i fmm^ fflUlilitors of ths ac«t«t« buffer 
solution aad 0.11,68 graayi of paaos® w@r@ diltitsd t© le .^O Milliliters ia a 
TOlta»trio aaslc with diitilled m%mt, 
gons-tant taiBaeratarg batht fh« eaaatant t®H®>@af«t«r® bath desoarlbad 
under tli« ssetioa m the of dtjctrsa ms used for this dstensina-
tion. The tsiaperatir® mn adjusted to 3?.S®. 
ladttOtBg augar detawainationi fh® alte'liat copper r®ag®iit of Soaogyi 
i92) Mfiag a wa^inaa ©apaeitj of 0.5 Mllifi^a® of glaeosa or #ticos8 • 
®(|ai"9«3.«Rt p®r 5.0 idlliliters wai ustd for this work. 
A series of datarainatioai «dt to determtae th® optiffira® raduetioa 
ti®6 for soltttioas eoatainiag panosa iadioatad ttet the soltttiona should to® 
Iwarsad ia th« boiliag water bath for 25 to 30 aiiimtos. 
n 
2.* gxyeglasiatal 
fm i0.0 portions &£ bmffewi i^a©'®# solntisii w«p« 
tPtBSfeiTsd t® «eli ®f tw# -ItO.O lAllilltsr plastie '©fittapJXmg® tt&®s 
la %h» eoastaat teapaimtw®' batfe. f® ©a® tistoa' ms a-ddxii 7,0 
sdllilitars of dlstllX«i mtsf (solation A) mi lo tto othsf ma added 
10.0 aiUllitara of dl«till®<l i«t« (selmtion 1), 'Slmrtve&m msr# well 
«l3£#d and r«pl»e»d in • tiMi emittai ti^«i'atttr© bath fw 10 BAaiites. 
Seltttioa Ai In tli« stemi attoiipt t® pwif^f liait dextrinase, a 20•© 
aillilitar aa^le was mtbimm iwm th® 1*^.0 sillilitw solmtion eon-
taining thm »@©ond airoaiw tmlfatf prseipitat®. fMs aolmtion was oantri-
fagtd and tk® tuparaatant SQlttti« was ms®d iw tteli aajjeyiaaat. fkem 
milliliters of tMs stlmtiG® wsp@ added t® tba plastic- ewatrifuge tmbe 
eotttaining 20.0 idHilitaara of tkt baffarad pan®#® a®lwtioa and 7.0 
MlMliters of water, flie §AnitiM »ts well aixed, replaeed in %im 
e<m.stant t®i|}®rat*»e feattiji and 3,0 *l,llilit®r aliipots idtiidrawB peilodi-
eally for analysis,. 
Solution ii fo tiae plaatle ©aatrifag® tab® o^a'taining 20.0 ailll-
llters of the buffered panose solution and 10.0 ailllli^rs of water was 
added 0.30 ©paw# 9i fateiaine COyarafi^#. Tlie solution twis well aAxed, 
replaced in tiae eonstaait teiiperataFe batto, and S.O ailliliter aUqnoti 
wit^aim periodicallj for analysia. 
^fakiiaiae laboratoiy. Inc., euftont ipr #«a»sey 
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9k 
a©id t^^dtpolyiis (111), %h9 first p©stiilate ma fflore profeabl®, 
fii« fowMlfi' tM9i %o ealealii® %lm ptjp mn% ©f .fanoss l^rdrolysis mat 
dsrivai by -yi® folloitog M®th©<l» 
©eni aaUllgf^ paaese ^ ^ 
ikydrolywls ® iBlligwws"' pai^s®'' m ©rigliiaS;" ioiMliw * 
»llligra«» ^#p»lyied. ^ 
Let g s allligra»s x»«da@lag mpr -SQtitralsiit ^l@ttlat®.ii «s gluooa® in 
lMi#i 5«0 .BEllliliter# @f stlaiien «»alyaed» 
IiSt at set allligraffls pa,'n©s# i^r^elyiei ia ®«eh S#0 «illilit«rs of solmtioa 
aMlya«d« 
» = (0'.li6? - m) m* panose ift.gi4w ISO m» Elaeos# et«iir. 
® —^-frrariffiHS * 
. m *. pia©»« tayA. 3 * li0 m* gimme «<jyAv. A ^ iiiu.iijij|iiri.iM.i: •niiiifcirii.iiiiiwiii mi jiti.iiiii •i.inll ^ %to'i miniiif nm nhmm iiWiiiiiiTiii :IW^i ..n . T 5..0 «©lii-. * SOI ng. paztose byi* • 
g = (0.1,67 - ^ 4"°' 
t « 5^(0.k67 + 2»), 
or 
a ~ lallO g — 
P®j* mnt feycto'Olysls « % , 100 
« (J.OOg • O.SC^) X 100. 
fh« |)j*«©»ding «<pati@n wis 'iterivssi upoa tfea aswaptioa ttati panos# as 
ii»H as ai^ oteer {Esaeetoarid© pi^s«t f wtltos# ©r tsoiaaltos®) woiild 
$$ 
glv© tl» i-feoi0tt®M%ri©ally ©©i;T«et TUlti® for t^valeat mdw th» 
cmditioBS ©f snsljsia, lowswr, tlai ms« ©f •Wiii t^iioa led to th® 
atoviomsly mrmmm QQnela«i» iMt f? p&t ©®at Ij^drelysis had oee«rr®d 
ia«®dl«t®ly «i»©a eoatoinatioa of ill® m%ym and pm&m s©lmtl©ns. this ma 
tilt result etotained "by s?i>»tittttiag ^ nmhnt of ii6.11iprsais of 
gltwtoi® fernid at 0 tlw# lat® th® sqmiim, 
fm meplAmtim ll®f la tii# faet thai sa^gar daitralattioas are quit® 
e^irioal and that dlffarant a^0saesh«ri<i»i give diff«i?®it radacing values, 
Willi® dl- a,Mid trl-sa@Qtoyide« mj div®rg® «pit# wld«ly. A eorrtetioa 
fast©!* wai ©btaiaed hf tii® folleiHag awittod. 
fh® ass^tion i»® M,d» tMt m l^di-olyiis Md ©®e.iaiT«d at 0 tljie, and 
titot ffi was «qtal to 0, th»^ basi© «^tl«3® 
g * iQMl - a) * ^ 4 « 36 
ttosB beea^, witli a @®pf»®ettom faster taeladtd, 
g « O.I467 X X seawtetlm fastor. 
iSttbstitating tiie valws fowd* 
0«25fi * 0.167 X Qwm&M.m fa«t» 
I.5I1 " <io«p®@ti©a fa0t©?. 
thda imt&t was inasptsd, th« «q«tl« th®a hmmm 
g s iQMl - m 0.513) 4 « . 
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fh® final ©qaatioa for p@r Qtat ©f bydroljsis bemm 
.P®r csat hydreli^i# s (i».13g • I.»Q?) x 100. 
TMs last ©qxjatiom nat as«i t© eal^tflAte th@ n*lii@i reported iat fable 7. 
Bu® to the absea©® of my ^ ta ^ mmming tlw aeeupBlatiea ©f Ataaeeharids 
in th® jfeaetioB, it was m% posHbl® to attei^t t# aate »w e®pj?«eti©B f®f 
tiia ®3?r®r in-fapoduead fr©» tills sew^a. Emmm*, tbe relative eactant of 
eopper reageat reAictioo ultiiin a. s«pl®» iw# a Mlrly good refleotiou of 
the eacteat of l^olysii. 
(©) 'S&periMiBtal i»9«iltat S©lmti«»is A and B pv# the aoalytieal 
reaolts listed ia fabl® | mder ||A and iii respeetively. 
Althcmgfe the reaiilts were mot ®l«air»eiit, it was .e¥id<mt that the cob-
ceatrated aad partially p«rifi®d lialt tetriaast solution, was capable of 
tydroly«ing the alplia-l,6-#«©@sidi© b'®ad is iiaaH aoleeiles. 
the aotioia of the mmym aolutim mpoii iaowlto'se ws ne»^ iavestigated. 
D, Aetioa of G«©entrated Smym^ Solution upoa laoaaltose 
1. Materiala 
Igoaaltoami • ls®ialt©8t m9 pmpkm^ irm. deactraa by a wjdifisation of 
the proeedwe of folfrom, Q@-®rgei and liller (115). 
n 
fm» 1 
4n«iyM.oal lasilts ©f %^©ly8i9 ®f Pan®!# and l8»lias« 
*lte Coneeotea-feed Mnjm S0ltitioa« 
Bar €®n% Hydralygla 
leferemee 
to f «Kt 0 15 30 
(fia® ia Maates) 
m ito 180 zy^ 1320 
A 0.0 im «» 3t.6 50.0 68.6 70.? 62.lt 
k 
S 3.3 m '«M» 72.7 7a .0 7S>.0 n*o 96.8 
5 0.0 15.0 ».5 3S.5 55.0 Sl^S 68.0 
Sapreiity-tas©' grawf of dtxlran wiy® to 1^X80 aiHilitiirs of 30- par 
ctat liydr#oliX©ri@ acii at r©«ii taBparattirt-, fiia initial gpaeifie ©ptieal 
rotatim was 4 1®0®* fh« m^atioa wa®, jaaintaiaad at 30® fw 8 hours aatll 
th® apaeifie ©ptieal rotation waa 4 105®* csftrfecmatai i»s aided to 
nemtralias th« aeid. fha lead eM»i<to ms ramwed. by filtratioa, riased 
with 5CX)#0 wHlilitari of distilled mtar and. th« rlaaaa ooBfeinad with the 
aaia solatioa. %-drog«a sulfid® ma passed tteomgh th« a«autloa to r@»©v« 
the. 0SE.e@is lead, and the a©lttti©a wa.® .filtered, fh® solution was ooaoea-
toMted wider partial v^mwm ttstiHaMoa at SO® Caatigi^de to 500.0 
«?h@ eaayms islntioa wd for th@ first «peri»mt iri.th paaose., J4A, 
aad the osperiBwnt with isoiiilt@s#|. 5| was the. sase solatio® a» tl*t 
desorifeed la fafele. 4. fhat is# dwin.g thu s®e«Qd atteapt to pwify limit 
dextriaa-i®, a .20. ,0 sdlliliter aa^lt was mthda^wa iwm the i}^...0 »illl-» 
liter aoltttloa ooataiaiag the »@.e«aid «««!» swlfate pre.eipitate« fhia 
20.0 «illillter aa^l# wat eentrif-ttged aad used im %bmm i^riaeats, Ihe 
»mym s.©ltttlon msed. f®r the setmd eaqperiwat with paaos®.# I®, was Tatertjae 
caarase, a eomwreial p*©dttet of the mhim%0ry,, la©.,., Ollftoa, 
lew Jersey. 
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ainatea. ftos s®lutl©Bi utra antitwiliztd -witii 1,9 novml sulfwle aoid to 
Mitlg-l i-td ®a«l»p®lat®, aad th® soXutloos t® 25*0 nUlilittrs. UTO 
ailMliter ®ai^l@s mm wltJ^Acssum fey pijjott© f®p redmoiag anal^is. 
3« ABftljtieal ytsttltfl 
(a) GaloilJttioa efreitatai ftot foiwila tised %& 'ealettlat® t&e per 
e«tt of i8«MiSlt®«® ^drolysis i»s i«r4v«d' toy th®- foUowiag aettiod, 
Ptr 0®nt » aHlieeaBS iitwltos® l^^olytfd, „ hfdattAjnla ' •sttHli^aw ii®s«ltos®' oj»igiiial' solmtioa * 
* alHiira®® i»«alt@s« ftrArolFiiid i. 
— 3e 
I,®t g « idlligrans rsdmeing «<pif®l«at oalewlatoi as glmeose in oaoh 5*0 
•iHlliters of aolmiioa m»2jM94, 
lM% M * iiAlli,gi»ais isofflaltos® la $,Q fflillilittr® of 
solmtion aaalyzisd, 
* s:6^. .oluiilm * 312'4- r«sla» 
A m m» isefflsltos® hM. _ 2 x 18@ ^asoit «qaiv, 
* ' 1.6 id.. MlB. * ilii >«. ihnSLae bd. 
g s (O.S23 - a) X 
e = IP? (0.SS3 + »), 
or 
» » l.^Of- 0.523. 
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GaldxwU (81). 
Aoe<ai»«M3#y it ws <lield«d^tQ iawitigat® tim pift|)@i»ti«f of th® alpb»-
l,^-.glmeoiiiis@ iyit#a of knmreXUm aig«r ROT. 330. fb® aiwl^ieal 
witiiod t© fee ttitd t® iudi^at# alpha-^moosiias® aetivity was th» standari 
®®tljod for aaltas# «i0t®3«Aiiati®B. 
1. First 
•fifty giSlms 'Qf th.® itffli^-^jmtiittie mM.m ©f Sfctm and Blaisisnraod (91) 
in th« lirf# f«w»t®r tank *9r® inoeilated witli a wgstatiT# eultwre of 
Aspergllitts niger mi* 330. 
Prtgaratim of tht laoctdjaa. ttea littr of tim aadiim, tii® Jagrediftata 
of vktQh ara given btlow^ ms ad^lad to m&h of threa ntdteHuoeth faridMeli 
faraentation flasks and tl3« flasiai and ©ontsats ttariliaad after plugging 
with ©otton. 
MaSsrial Bar etnt 
fern «tar®h 
caeo^ 0.5 
0.1 
0.05 
0.2 
ligs0|^.7%0 
(M|^)gSO|^ 
0.1 
Stock fflia«pali toltttioa 0.1 
fto alnaral Mgi^rials with the «oai>ti« of the oaleiwa earbonata war# 
ditsolwd la on® liter of tap water. Th® soltiMoa waa heated to boiling 
and the mm stareh was a«ii»d aloWly with stirring. The ealeitia oarfewate 
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of th© fli® pi ws It.S 
{*) BraliMaiyj salfat# pr»eipltatlcttii lofor« tta« atMltlon 
of solid a^mssmSxm siafatt to 16.0 liter# of #iiaja® tslution, two ®xp®ri-
aantJiCl %mm&±m ttOfiit® preoipitttioas mm eoadttotti in order to detoraine 
tM <^tiiEal d«gr«® of saturation for tto® first aonotnfepatioa of th® protain 
fraotion eontainiag th® «iyiii0 «©tiTitj. 
first tK^riasatal %mam±m attlfat# pr«eipitaM.oni Mmrm Z$*Q adlli-
litOT' portions of th# w4d filtoit# weom itd<^d hj pip®tt® to a s®ri«s of 
50 #0 Killilitsr Irlena^w flastot# Staffioisnt^ solid a»oni«B sulfate ma 
addad t® eaoh. flask witta ftiwtof to ia®i?®as® ti '^. tataration to th® d«8ir«d 
dap*®®. For eaaipl®, th® firit flask etmtained a© anaMtiw sulfats, itoil® 
th® 8®eond fJjisk was 10*0 p®r ®«iit »itarat®d, tihii tMrd flask 20.0 p«r o»nt 
aaturatady ato. 
Til® solmtions wer# stored ia th® ©old roe® for It8 hows, and the 
contents wer® than transf«rr«i to 1*0,0 »i'llilit®r plastio cantoifag® tubes 
and cantrifm^d at approaelmatsly 3^000 rdvolatioas par aimit® for 20 
ainut®®. The superaataat U^ittids ii®r« d®oant«d and 25.0 aillilitars of 
distilled water mm a.dd®i bj pii^itt® to taeh preeipitat®. Th® eontents of 
th® plastic Qaatrif?^® tab®® w® aixad thoroaghlj and $»0 adlliliters war® 
taten for analyais. Hoifwtrj iff®n at eoBplet® aa^niia salfata aataration 
only a iaall fraction of tii® aaltas® aotivitjr Mom to b® prasent nas found 
in th® praeipitat®. 
mm to the physical obsanration that th® larg® basket oentrifug® naa 
not oapabl® of ®K»rttog ©nomgh foro® to o®iB|Jl@t«ly sattl® th® «at®rial 
foroed ont of solntlTO by salting o«t, t^ «*|>®rla®nt was rapaated with a 
IQli 
S®rf«13. cmiml head eeairiftige mpabU of approxiaiiteljr 12,000 reyoXutions 
per alTOt®. 
Second ea^»i»8at»i eglfite greeipitotioat A 150*0 lailliliter 
porfeloa of the ©rigijaal a®M filti^t# ms nmd for the seemd aatperiment, 
Tb® smmmim sulfat«' iatttratloa i*a® iaereased ia iacsreatnti ©f 10 per emt. 
The solution was csatrifmged 20 niamtes after ea-eh aMition of aattonitm 
itflfat®. The preeipitates -iiwpe dtssolfed ia 15*0 adlliliter portion# of 
distilled water so that ti» first soltitioa ©ontalMd th® aaterial suspencied 
in the ®Elginal solttti«, the seoood solwtioa contained the piweipitate 
formed toetweea 0 and 10 per eent awoniwi sulfate aatoratioa, the third 
soltttion contained the preeipitate foraed between 10 and 30 per oent 
aasffloniwa sulfate iaturatim, ete. the prooets was repeated mtil the solijb-
tim was eoiple^ialy sataMted with asstt^im sulfate# 
five Milliliter portiaas were withdrawn by pipette deterKination of 
.i«lta'se activity. fi»«e results are given in l»ble 8 and Hgare 1. 
I»@liariLnary Mmaemim eulfate prttipi.tatioa of 1<S»0 liters i Sixteen 
liters of the ori^jial »ld filtrate were i»ed te obtain a wore ooao«-
trated mzym solution for further work. Solid aawniua sulfate to SO per 
©ent mtvmtipn was added sl«wly with eaistant stirring to the 16,0 liters 
of original mid filtrate and tt» aolution chilled overaight in the eold 
room, 
fhe resulting solution w*a eentrifuged using the Sharpies supercentri-
fuge at k$ p&mds pressure, fhe ppeoipitate was disearded and tJ» super­
natant lituidf irtiieh was still opaleaeent, was preserved. Solid aiwoniim 
stilfate WIS slowly added tip to 90 p$r east saturation and the suspension 
stirred until solution was eosplete. After the solution was chilled 
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« floeealMt. pr#eipitat@ r&m to th« top. ft® underlying s^u-
tion was r«ww»d by sijptoJjig bM th@ iifptr laytr of prseipitat® was 
0«(itrifiag0d ia 8raill pwtioas in th® Ssrvall ©tatrifa^ for 15 «l»wt®a. 
Tba eltar sii^raatamt lipids w®r® #ie«nt®d aai th@ pr®«sipitat®s ooatoinsd 
aad dis«®lv@i in 1.4 iittra of distilltd mter* 
til® Malta®® aetivity after ths pwrifleatios i»s 12,3 maits p$r Kllli-
lit«r. f,l» pi of t&i soltttioo was k»?» this tolation wt» labeled ^naym® 
©ttao«ntratt i* for fatur® mtmmm* 
(b) Botgraiaatioa of. iaaslaotrie poiatt fiie iil«a»ility of tbe pro-
t©ia fraetioa p®s»«jisiag oaltas® activity was idtsralaed at "variotti pH 
i®?®l»^ aad 0«e®at3»tions of a»a«iia sulfat® ia ©rd®r to d®tsi%ia® th® 
isoal®otri« poiat., 
Fip®tt®s w®r« a®@d to withfeair imrm 00.0 wilMlltar portions of 
®aay»« eonceatrat® 1, Bpior to tte a<Mition of asMoaiaa stilfat®, th® 
lair@ls of th® solation# w®r# adjast«d ming th® leokioaa pi aster aaiag 
apprffliA^t@ly O.Ol nowil sodiw lr^®ad.d« salfari© aeid. Baoh solti-
tiOB was tMasf0rr®d to a ,liQ.O sillilit«r plisti© eaatrifa^ tuto®. Th® 
d«sir®d qiftatity of solid aw^nitm salfat® was add®d with eoastaat stirring 
uatil th® wit was so^lotaly dissolved and th® solmtion was aULowed to 
ftaad to *iattt®s in th® ©old r@®». It was th«a ©antrifaged at 12,000 
revolutioas p®r latBat® for 20 aiamtes aad th® siip®raataat solution potirad 
iato anothsr plmstie osatrifag® tiib®* fh® solutioa wis sav®d for the 
d@t®nstoatioa of th® 9oli#ility of th® ®asym® at th® aaa® pH bat a higte 
awaoniuffi aalfat® cmeeatratioa* fh® pi of th® solatioa wa« rsadjasted if 
n@e«saary. 
108 
Til® pp®stpitate m@ dlssolvM la 10.0 ^llillt«ys &i distiUtd 
nattr, the s©ltttioa thopoagiily stiw®#, mad 5#0 lailUUttPS withdrawa for 
the »altas® activity -{iettiwlnatiwt p@p©rte4 ia fabl® 9 Flgw®® 2 and 
3. 
Beapit® th® «®st vigcrems attai^jts, it mn iBpoisitol® to get mve 
than about tto-ts-fourths of ti» aifhtlt additioa ©f «iwt0.iiiaa sul^at® to 
dissoly#. IssuHdog th®ii that %lm 1..6 liters of solatlon me alm^ about 
13 par e«at aattiratad (irm th® li<pid adhering to the praeipitat® wh«a 
esatriftigad), this iromld awn tl»t th® first solutloa i«a apppoxlasataly It 
par ©eat saturated, th® saeoad 22 per osat .iatu3e«t«d, and so oa for tt« 
satii^ sariaa. This would not Inflmanot the isoelaotrie poiat but would 
laaraly wiaa that the protaiaa ara aaltad out of soluti«a aooaar thaa 
©tharwlaa. 
Wt&m fabla 9 it wia apparaat that the pH ©ptiwi for preeipltatioa ma 
aaar 5»0, aad that tha eollaotion of a fj*etioa batwaaa 30 aad 70 per ceat 
aaturatioa would eoatala tha bulk of the msyaa aetivity. 
(e) .Seomd aaiBQaiua aulfata. praoipitatioai fi» pB of the eaayaa 
cme«3,'to«te B raMiaiag after the previomt aaa^lea had beea wlthdrawa 
(about 1,380 Killiliters) wad adjusted to 5»0> Solid a«Rftiua sulfate ma • 
slowly added with ecnaataat atiifiog to 3© per ceat satuwiti«m. Tha solu?-
tioas ware c«atrifi3^ed twioa at 12,OCX5 revolutions per aiauta for a total 
ti»a of approxiaately 50 alautea. the preoipitata was diaoardad aad to 
the auperaataat li<iuld was added, with ocmstant stirriag mtil dissolved, 
solid awioaiuffi sulfate to 70 per oaat saturatioa. the pH was readjusted to 
approsdAStely S.O using pl-^iipioa pap®t to ^luge ti» pi level aad the 
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soltttioa was allerared t© stand in th© sold poo». Tl3® iolation was 
then ©entPifngsd at 12,000 wolutloas per «inmt®, flie supernatant solu­
tion »a decanted and the preeipitate ias dieeolred in 300.0 raiHiliters of 
diitilled water. TMi solmticm was labeled »«zyae oonemtrate O* for 
future refersaoe. 
(d) Rreeipitation of ^otime Mving ,maltaae aetivity bj or^nie 
solventst 
Brooedtiret Preoipitation of protein Material organic solvents liaa 
been a standard wtbod of protein, and mnjm, pwifioation. Aoeordingly, 
an investigation was »a.de in work of the preoipitation of protein 
flections having »»ltase aetivitj by %lm er^nie solvate aoetone, ethanol 
and dicsEMie. for these preoipitations it was fomd neeessair to use the 
Servall «3l6« stainltaa steel SO.O Mlliliter oentrifuge ttibes and ©overs 
to avoid the solvent aetion of the organie liquids upon the plastic centri-
fmge tidies. 
Ten i^miiter® of enayae eoneeatmte' C were added to e®ch of fonr 
stainless steel cenfepifa^ titees &M tl«' pi adjusted to 5.0. The tubes 
imre 'oentalfnged' at 12,revoluti-ons per lAmite for 15 ainmtes and the 
preeipitate dissolved ia 10*0 ailliliters of distilled water. The appro­
priate a»0unt of orpnio-solvent neeessai^ to properly increase the 
peroentage oo^osition of the solvent was added to the solution, by a fine 
©ipiiaary t^e below the sarfaoe, slowly and with stirring to avoid looal 
otmeentratims of the orfa'nio solvent. 
The tube® were ©enteifuged for 25 wlnutes at 11,000 revolutions per 
«lnute. The st^>ei®atant liquidyi were tramferred to other e^itrifuge 
nk 
twb©8 and tli« pptelpllttes dlss#Xv#d Sm 10.0 rf.llilit#rs- ef distilled uater. 
Tto ia®3ct inert^nt ©f s&lvm% m» addtd and %im pructss repeated. 
TIm» Simm%» of or^aie sol?«ts add«d to 10.0 aiHilitor portions of 
mtym solmtion mm %h&m gXfm t>«low, 
0 p®r cent lo orgaai© solTtat add®df 
10 * • 1.1 iiillilittr# of c«Pftiii@ solvent tddedf 
20 » « l.lt *illSlit@ra of' organic solwnt added to pr®0«din.g soltitionj 
30 * * 1.8 * «» « ««i m *'J 
iiO « •» t.li * m » * «« « Mj 
50 « « 3.3 • « « « « • • , 
^ « 5^0 » it« m » « m * }  
70 « « 8,3 « « •« « « « « w , 
Higtor e«G@ntP8ti©ni of orfanie s^veats fw# not vmd im to f®ar of 
inaetiTatioB of mmjM.9 aetivity. 
Analytical restd.tai fim yesalti «r« tabmla^tad in fable 10 and Figtir#' 
AnotI»t 10.0 «illilit« portion irat witb#rawa for posaitol® fntwe 
analysis, and th® r«aaining ©olmtion of 235*0 •Milliliters m@ adjusted to a 
pH of 
A tiiia capillary ti^ bsloir th® sarfao® of tb® solmtioa *as uatd to 
introdae® 192.3 aillilitors of aeeton® (or per o«nt by volmm) wkil® a 
stirrinf aotor i«s c<mstan'Kly agitating tii© solatim. The aectona ma 
added over a ten joinute period, and as .soon as it «as added tl» solution 
was transf«nped t©- the staJjaless ^steel owitilfig® tt&es eentrifmged at 
13,000 revolutions per ainmte for 20 atemtes. smpematant liquids were 
Tabl® 10 
PrscipitatioB of l^ltase Activity froa Partially Pwified flltra^ 
at fariows Cm&«ata^ti<»is ©f Acmtmrn, Mc^aae md Itiiaaol* 
f0lU!»0 
p«r e«t of 
AeottOE* 
©i^ai© 
S©lTMt la 
ia@r«mt' 
In t®tal of 
is^dnaats 
M M t©tal of 
tBsremmts 
la In total of 
incKPswamt iaere^nto 
0 2,8t 2 St t.35 2.35 t.88 2,m 
0-1© 1.13 k,6$ 2^S7, -- $,m 2,61 5.1# 
10 "• 2# 2.35 7.00 im t.li. 8.10 
20-30 (j.ai) 10,tt f.O^ 9*m 2.SS lo.fS 
^ - to IM l?.t7 6.25 i6a7 f.6l 13.5^ 
iiO - ^  f8.3 . 15.^ 31.57 lli.t t7.8 
^ - 60 16.7 11,3 it2.f lt.8 lj.0.6 
60-70 lo.b 55.1i tSk ^.7 ii.l8 Wi.8 
«fl»,v«lu«® gLma are tmits of salte®® activity p®r ^•J.ilitso' of solutisa emtalning tta 
pre^pi^t®. 
TOTAL UINTS OF MALTASE PRECIPITATED PER MILLILITER 
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cQisbliiei and a» 2hk*k ailXilitera of ao©ton@ war® a«i«i«d to 
ittcreasQ tim • &mam%m%lm to 65 p» cent. 
fht preeipitat® of tto fspaetion betwsen IS per c®at and 65 per oent 
*as dissolwd In 100.0 allliiiters of «ter and th© solution labeled 
"onajae con©®atpat® B* for ftitw# raferano#. 
Inayiw coaoeiitratt D was dialled afainst ©ccasloriil oianges of 
distilled water in the cold rooa for 1*8 hows, until the test witb baritia 
chloride was neptive. TMs solwti« was analyaed for alplia-^Bsrlas® and 
total nitrogen, fhe alpi*-aaQrlase offlatent "Wis 3^.3 units per milliliter, 
compared to the original cswicenta^atim of appro*i*t®lj 10 to 12 tmits 
per irf.lliliter. the Kjtldahl nilapogea deteraination ma conducted after 
centrifaging the opaleaoawt solution, fh© reialting clear solution ted a 
nitrogen amtent of I.l6 adlligraw of nitrogen per milliliter. 
A paper chro«togra» developed iri,th a 6o per cent aeeto^ solution 
indicated a spot of pro'teia aBterial remaining at the point where the 
ens^H® was a^i^ied with * fli^t streak ejstendiag upward for about 5^0 
®illi»ters. Strips cut irm a portion tMt had not been developed with 
the #estuff wre sprayed with a 1.0 per cent solution of aaltitQl and 
A ina^ated at 30 for 30 'Jaiautes in a .woist «t»sphere,. When these strips 
were then dried and sprajed with the fauber and Kleiner reagent for re­
ducing sugars, heairy spot® of blue appeared at the origin, indicating 
the presence of a substance capable of hydrolyaiag aaltitol (i.e., a 
naltase) at that spot. 
fh® solution eleetrophoresis son«toeted upon 10.0 ailliliters of the 
solution withdraim at this stag® indicated the presence of at least three 
distinct peaks corresponding to protein fractions. 
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(t) Bffiigt 9i pH Igval. ttpoa itaMHtyi A series ©f buffer solutions 
wir@ asde by the prooeiir® of loIlYaia (35) wbicb involved etaijining 
certain vo1«ms of O.l »©lar eitrie teid ioltttioa and 0»2 aelar' disodiia 
plioaptate solutioji. • 
the fiml pH of metb buffer solmtioa ms adjusted by adding the 
required eitrio aeid or phosphate •olution until the pH value as tndicated 
by the BeC'feiaii pH meter was eowtat. 
The solutioas of the iaftoipitatei irm the solvtut preeipitations 
were eoBtoiaed and the resulting solutioa, with aa- aQtivi% of approcsiaately 
5.S to 6.0 units per adPLMliter and, a total voluw© of |O,.0 milliliters, 
mB used for aa mmrimab t® dettraiat the effeet of pH upon stability. 
five jdlliliteri of the eazyae solution- an4 10.9 ailliliters of the 
appropriate buffer were withdraim by pipette and separately eqnilibi^ted 
to JQ® C«iti0*ade la- the eoaataat teaperatwre water bath. The solutions 
iwe nixed and returaed to the ©«a8tant teai»erature Mtk, Tiree ^Ui-
liters were withdrawa periodiaiUy' fr©« the aolutioa for ana.lysis. 
resulti are given in fable 11. 
31f 
tmM 21 
stability ®f i«ltt®# Aetiirlty at farioua pH 'l^wsli 
pH Sh itow 
asEposOT* 
lalta## units per iiilliliter 
^6 how 
m^mm 
l4»0 5.61 5.87 
k*5 5.M8 5.W 
5.0 6.55 6.13 
.5 .5  5.8? 5.W 
6,0- SM 5.71 
6.5 $.lk 5.70 
T.O 6,0i- 5.® (efeviotta ooataaiHS'tioa) 
(f) pp«eipitati0a ©f fractions- Mfinf i«lta#» Aotivitj bar sodiia 
cisJLoridei Aa ®tt®i^t to p'deipitat# tli® prot#ia^ fraotimi possesatof th® 
.Balta.s« aetivity by aaaas of sodiam ehlorid® was aads# Tbrte «illilit@rs 
of &mym& eaaoentisit® D wtre withiraum by pip®tt® for tliis axiJeriMint. 
Solid soditMB e^orlci® ms ada#d slowly irtLth ematant stirring, and th» 
solution mm eantrifmg®d. I^rtions of soditt® oiO-orid® siiffioi®Bt to i»-
creas® th® sattarttioa by 20 per ©»nt wtr« addod each tiae, but with the 
exception of ii^ativ® slmdg® C!bta.la®d by ceatrifuging th® origtoal solm* 
tioa, no precipitate was obtained, 
(g) greeipitation of fraetlont MviM- naltaae aotivity by pota.asii» 
dUg-dregen phosphate i Solid potaatiw dihyipogen phosphate added to 
m 
th® sa-tettfd fodina emeride soltttioa witheat prodmciBf any preelpttat®, 
eitbm of •nayaiieaXly mUvm asttilal ©r aay other aaterial. 
Aa additloaai 3.0 ainUittr® of ®aap» eoaetatrat® C ner® withdrami 
by pipette* Potaasim® dil^drop® phosphate wis added to the soltttioa to 
the sattiratioa poiat, bmt Mth th® exeepti« of aa inactive sludge present 
in the original loltttim, there mr@ no t^eetable qiaatities of uaterial 
preeipitated. fhe resalts of this and th® parooeding seotion indicated 
that neither sodiwa chloride nor potaisiia dil:onipogio phosphate mB a 
suitable Material for preelpitating this protein fraction. 
2. Seooad.purifloatloB proeediat 
Althou^ 'the preeediag »®thod .reiulttd ia a solution that had hi^ 
aaltaee aetivi^-, there reaained ooaaiderable <|uaatities of alpha-a^lase 
aotiirity. Alio the electrophsretie pattern dieplayed, in addition to a 
lar^ peak, several «m11 hwps. F« theae reasons, it was deeided to 
sate a more detailed studF ppef>erties j®d beha-rior of the jsroteins 
Iwiiring aaltase and alpha--a]i0@rlase aatifitjr. 
the supernatant solutioa fro» the 50«0 pll^ ferwntation refining 
after the first attenpt to preoipitate the naltase had been stored for J 
month® mder toluene in tl» oold roon, Ihen the solution was analyaed for 
aaltas® aetivitr it was found'to @«tain h.$2 units per adlliliter. This 
filtrate was therefor® @onoluded,to be satisfaetory for the ensuing study. 
(a) BreliHd.nagy ajawaaiua sulfate^ preoipitaticmt It ms desirable 
first to aato' a »©re prtoise dettrsinatioa of the .behavior of Maltase 
aetivity daring aaaoniMi sulfate preoipitatioa. fhis m$ carried out in 
the following «aMr. 
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S:pag-Sj»tal a«aep,i\ai stilfat# pi^eipttatlooi Thirty slllilittrs of 
the ormde mayras filiate ww?® pMead la mah of eleven ii0»0 aillilit®r 
plaatie. csatrifmge ttflses.- Solid aw3ttla» sulfate waa slowly added to ©ash 
tttbe with cfflastaat stirriag mtll dissolved, reamltiag solutioas mm 
saturated with aw®aim® s«lf«t@ te ooaoentratioas betweea iil.O and 95 p» 
cent la 5*0 per ©ent iaoreaamtg. 
The solution® were ©hilled for ieveral hows, and th«a eentrifmged at 
the fiill speed of the Servall eeatrifttft (abottt 12,000 revolutioas per 
«inate for 25 Miwatea). 
The STipematant solutions nwre deeauted and the precipitates <ILssolved 
in 10«0 fflilliliters of distilled mt9r and dialyaed in'the ©old rooa 
apinst distilled water. The distilled water we ©hanged eveiy 0 hows. 
The dialswis m@ eoatlnaed «Btil a drop •with«imwn fr©» the solution 
containiag the preoipitate produoed no preeipitate vhm added to a dilute 
soliation of barita chloride. The dialyaid solutions w«p© t^n transferred, 
ming several rinses of distilled wter, to 25•© allliliter volumetric 
flasia and the solutions dilmted to volume i»ith distilled water. 
These solutions wpe analyaed for «altase, alpha-aiBylase, and nitrogen 
ccmtent, and the results are given la Table S and figures $$ 6 and ?. 
in 
fabXe IZ 
mit&m leiitlty, IcMvltjr a»d 
mtrefeo^rntaiaing Wttsrial Prtoipliattd frm 
%)m Cracte Solution hf AmonSm. Swlfa't# 
P«a* cent of 
anonitm 
stilfat® 
satoratiOH 
Alphft^aiarla®®, 
mit® fer 
miUilititt' 
laltat®! 
per alllillttif 
Mlligraffi® 
nitrogoa p@r 
Milliliter 
IS O.OltO 0.26 0.070 
50 ©•073 o.a 0.085 
55 0.18 0.11 o.m 
60 o.iio 0.53 0.105 
65 1.00 0,79 0.205 
70 1.00, 1.33 1.16 o.i5it 
75 1.1S, 1.11 3.1:7 0.183 
So l.it8, l.liS 2,29 0.230 
85 1.33# 1.3i 3.?0 0.105 
9Q 1.33# 1.10 3,m 0.260 
S>5 1.60# 1.5it k,32 0.1S5 
•©rig. 1.60 ii.55 0.256 
ImmimL ttilfate p^cipi'tatiCTi of 2Q,Q liter® of ia^ld filtratei th» 
•r®smlt8 ©f th® «£p®ria3iital aMaraaiw twlfat® preeipitati©aa siiow»d that 
most of the aaltaj® was preeipitatsd b®tw®®a 65 and 95 p&r sent •atwation, 
f© ©btaiii ]Urg®r qwtntiti®® of c®a@«nti«t® for fnrtfe®r work, solid 
araaosctiw salfat® was addsd slowly with eonstant stirrtag t© t®n 2.0 liter 
UNfTS PER MILLILITER 
 ^ bo io b — lv> CM b» 
MALTASE UNITS PER MILLILITER 
_ rvj ro w oj w ^ ^ ^ 
bo b -Ck bo Ki 01 b a bo 
—, —I —I —T 1— 1—^ T- r 1-
MILLIGRAM NITROGEN PER MILLILITER 
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porfeioas of ortglaal aold filti»t@ mtll th® solutions were 6$ p@r &mt 
satojpattd. fli® solutloas mm eoablnei and ehillsd ©reraight 4n tii® cold 
j»®oa. fha 8<a.mtl«i® hmmih th® floating nasass of pr«eifitat® w®r« 
r«aov®d hy iiptelog. fh« seml-solii iltarilas wire ©ort>lB«d aad tls® 
rolmo mmawt@d btfapa ti»y war® di.awdid» fto® ©ortaiiwd sliOTiaa had « 
folua® of 350*0 alUilitays, Hileh mmnt tiiat tba eoiraspmding rQlm& of 
appyoxii^te-ay 2$k*0 iri-lMlitaps of original ioltttioa IRIS diai»rd«d. 
Solid a»ffloiiiw» Sttlfat® me added aatil th© solmtioo iias P®r cent 
satipated *itii solfat#. eeateifaging th® soltition at 1,800 
rerolmtioiis per idamte ia f50,0 ^IMliter bottles JRiiled to bring doim 
the p?e©ipitate partioles. the iolnMon was ttoertftre -waema filtered 
witli a water aapirator, using Itoa and m,immn ^13 filter paper, 18*5 
eeatiiwteri in diSMter. fl» filfemte »»e tlnroagh the filter paper as a 
olear# yellow soltttioa, whereas the floeettlent «»terial ma retained by 
the paper. Dae to the tmteioy ©f the paper- to beeow ologptd, several 
different sheets of filter paper .had to be ated. fhe Materials were re-
Mved froa tl» filter papers and dis^lired in about S00»0 rt.llilitera of 
distilled water. The filter paperi- Here rinsed with several portions of 
distilled water and the aolutions eoiijined and dilated to 2.0 liters. 
this foltttioa ma labeled ^eassyBe oe®eentrate 1* for futmre refiHp«ftc®. 
After reaoval of the preeipitatee, the filter papers were soai^d in two 
250.0 ailliliter portioai of dietiHed wter, bat 'dae to disintegration of 
the QeHtfLose these aoltitima wre disoarAid. 
The ioltttion of msym omeeatrate 1 had a -rolm® of 2,050 ailliliters 
and a ©moentratiai ©f lS.5 nnits of aaltase aetivity per aillHiter, or a 
total of 31,000 units, fhe first 2^0.0 Ulliliter portion of distilled 
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wat®!* tistd for soaldag filter i»p«rs tiad a eonoentratim @f 2^.5 wiita 
par Billiliter, or « total of SgjBQ mits. fh« s«o«i<i solution of 250.0 
Hdlliliters ac«italn®d ii.kl taaits p«r aiUHiter, or a total of 1,100 rndts. 
Jhm the total sw rtcovered hy this asthoi wms 38,3^0 wiits of »ltas« 
aetivity. 
Th® analysis of th« »oth«r liqaor showed no tmo© of aaltas# activity. 
See^d solfatt grftOigitaMoni fhe protein »t®rial of 
m%ym coneaatrat® 1 *»§ a#in prteipitattd with aw»itt» smlfat© as before, 
Qolleeting'th® frm^tim hetmm 4l,S psr eint and 85 p®r oent saturation, 
Th® »terial was diSiolrad in 2».0 lAllilitara ^ distilled water, plaeed 
in dialysis bags and dialytad against diitillad water in the oold roo«, 
ohangiag th® charges of distiHed i®t®r ©no® mmry 8 hotirs. The final 
volWBB of tte» solution wis 338.0 Milliliters This solution was labeled 
"enayaw c<ai©«itoat® f* for futia*® referwee.-^ The aolution contained 
ai^ra£i«ately 104.0 units of iwltase per nillillter, 8.56 units of alpha-
ai^laa® per «llli.liter, and 1.50 aiHigraai of nitrofen per Mlliliter. 
The filter paper eleoteophoresis o®ndu<ited..up«, thi# last solution 
for 13 houra indieated a streak of protein 'Miterial, poaiibly divided into 
two portioni', esetending 2.6 to 6.1 eentiaeter® from the point of origin. 
The aK«rsnt eenters of the spots were 3,9 md 5.6 ointi»t@rs frcan the 
point of origin. A very faint spot was obewved at 11.5 t© 11.8 cantimeters 
fro® the origin, but this may have been an artifaet. The aolution eleetro-
phoresia diftgraa of this s©luti« displayed three peaks oorrespeaiding to 
protein i^terial. 
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(•®) prgelpltatlea of ptgified m&wm so3.mti<»it la an effort 
to twtimr emesnta^t# and pixtiij th® p?«eipitatloii by aqueou# 
aoeton® was mploy«d.. Fiv® jidlilitsri of %mjm emGdntrat© F w®r® 
traasftrrsd by pip®tt« t@ ®a.eli of smm stainlt«s sttil k0*0 mllMliter 
eentrifi^a tiib®i, Twmty aiXLlliterf of an ac^tone-natti* solution w®r« 
slowly added wltii stirring to ©aefa solution. Tib® relative quantitias of 
acetone and iiater in th® soltttlons addad mm varied fo that th© aoeton© 
ctatont of the restiltlng folmtions varied b®tiw»n I|0 and 70 per cent in 
5.0 per eent iaera*«ts. 
the solMtlons after addition and mixing were allowed to stand for 15 
fflimtes, and were thoa centrifwged in th® Servall eentrlf-ai;© for 20 sdautes 
at 131000 revolution® ^r rt.atit®. 
the aottor liquors were decanted and saved for analysis, 2«0 adlli-
liters being nied for the oaltase ana.lysts* fh© preelpitates were eaeh 
dissolved in 10.0 sstlliliters of distilled water and analysed for aaltase 
astivity (1.0 !ri.lliliter being used for the analysis), and nitrogen* The 
experiwental. resnlts are given in table 13. The analytical values were 
weighted to refer to qmntity of s«bstane© per ailliliter of original 
solution. 
m 
fabl« 13 
Preeipitatioii of lailteii® aad Ilirogm-Cootainiag 
literlal trm Mxym G«a«Bteat® f by Amtom 
Per- eent li-terial ia mttrial la solmtioa 
of ae®t©tt« mtlmr liquor# ooatainiaE precipitate# 
by volra® 
Maltaao Milli^a»t lialtaad UlligraBis 
activity Bitrogta astivity nitrogaa 
0 106 1,11 0.38 
1*0 106 
10 aetiTity 
h$ lOli 
idLthia 
50 ^1 
Uaits ©f 
55 8? O.TT 0.58 
60 
ftXDsriffiaatal 
89 
0PT&P 
6$ 73*6 0»5J 0.77 
70 *m -nm 
(d) ^diorptioa. •Qsmm atarofa irm^m'&oua Amtme goltttloat Sswral 
attests «adt to @stabli«ii th® ©®tt<M.tloa8 mmsmrr for a-dsorption of 
ti^ maltasenietiYe fractloa ^pm stsrefe, 
.First mmrimnUl a-djtorptlont fli« first ttperlBwat was an atteapt to 
adiojcto th® m&ym upon solt&X® staroh, fh« soliflsl® starch- ms mshtd with 
aettone and dri«d.. QB©«t*mtb of a gpa* of this material m@ jOa-ctd in- each 
«fh® mita mm ©ale-ultt«d on the basis of a ailliliter of eaaya® 
cmcaatrat® F. 
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f. Dismmim 
It was apijarant trm tli® l»vi»w of Uteratw® that tha enayae fraction 
taaowa as "liadt dtatrinaa®* wa@ in all probability an a;^lo-l,6-.gltieoBidase^ 
an 9nay»s capable of }s^drsilfnixig th® alpha»l,6-glu0O0idic linkages found 
either in starch asleeales or fragpeats oocw^ing fro» itaroh hydrolysis. 
It was by no wans eertain, tmmmrt tha-t the enapw possessing this 
action tos speeifically limited to tM.s type e£ linage. In addition, 
althou^ it ms probable that this eniym® was a i^rdrolas®, it was not at 
all certain that it was not a iMransfemse, capable of transferring tt» 
^ttcose •anits -which were at the ends of to® li^t tectrin »lQ©ule and 
whish were resistant to hy<fa»olysis, t© soa® other linear fraotion in whioh 
thi^ would be more swsceptible to i^drolysis by the other en-ayaes knowi to 
be present. 
fo stttiy these possibilities it was desirable to pwify and study the 
action of both Halt dextrlnas® and the alpha-l,ii,«glme0Sida8e enayae 
m 
systew. The course of th® investi^tion of the lliriLt dextrlnase purifica­
tion ms followed by the aaalyti'eal proeedire of Ba^ck# Stark and Sealf (1), 
althou^ in the la.tter stages of the work a Method was investifated whleh 
eouLd probably be deiyeloped into a mmh more emjirenieat procedure. The 
investigation of the alph8-l,it-^tt©osii8@e purification ms followed by 
the standard Miltase deter®lnati®si (99 )> although, of cour.se, this indicated 
the- presTOoe of onJy alpha-ljiif^moosidase whereas a nu^er of other 
^ueosidie enzymes could be present. 
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1. Parificatlon of Mialt Dtactriaase 
Uiwlsrkofler and loy (103) ihad {Hiblished «• ppoeadw® for porlfloation 
•and coaoeatration of limit deactrliase. frea the eazyae preparation of Asger-
gilltts orygae formerly ppodaced by Mmyms laeorporated, "of la^e Grove, 
Iowa, tinfortanately this plant was m longer in opei«tion and the crude 
starting aaterial for whleh this proeedure had been developed was no longer 
available. 
Miller (65) used several ooaasroial preparation# of AsperEiUme oryzae 
filtratea in attei^ts to apply loy»s purification iehew. Mis results 
indicated that another awthod would have to'be developed for the coiroreial 
preparation® available. 
1. Goneentration and purification of fanial llait deictrinaae 
Attests ware aade in th© present wwte t© modify the procedure of Ec^ 
and Underkofler so tiaat it could be applied to filtrates of eultures of 
Aspergilltts niger iRK, JJO, t^ organism found by Miller to be the best 
produeer of liait dextrlnase. 
An exploratoi^ atteapt was nadt using a saaH^ quantity of filtrate 
froB cultures grown in on^e-liter wide-aouthed lpl«»»0yer flaska. The 
experimental proeedwe and results have been deseribed on ^ges 7© thro*^ 
73. The first two aamonim sulfate precipitations in the procedure gave 
yields of 68.8 per cent and $0,3 per cent respectively of the original 
llait deextrinase present. Due to lack of time the subsequent solutions 
were not analysed, but the m%ym activity by th® ttm the step calling 
for the dialysis had been reached had decreased to appr«Kiaate3jr 7.9 per 
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ctnt of the orl^nal content. This yield ma te© Mttll for the prooedwe 
to be of pi^otical mse. 
Another att®»pt to apply the procedure wa® aide m a larger scale, as 
described on pages 7k through 83. fwwty-five gallms of as-ditoa were 
laootilated with sparalated Aapergillma aiger KIL 330 K»id braa. fhe 
aeration iias stopped after 6 iiyf when the llMt dextrlnase coat®at was 8.7 
lanits per milliliter, tm a»B0Bl«tt. sulfate preeipitatioas were aade bwt a 
modification was necesaary after the first precipitation, Whm the aaBoni-
tffl wjdLfate waa added to the solution of the- firtt precipitate, the mixture 
ma so viscous that all attei^ts at centrifttfation failed. It proved to be 
necessary to dilute the solution and renove the sasp^ded aaterial by 
centriftigation before proceeding. 
seeoftd ^cipitate m» dissolved and the suspended Material re-
awed by centrlfugiag. fhe li«lt deactrlnase activity of the solution 
caatainiag the see«d precipitate was appr©3£i«ately 1^0 units per milli­
liter. fhis loss IRIS approixiaiately 7® P®2" eent of the original enzyae 
activity. The third aBSRoniua sulfat® precipi^tion ma ®ade with a con­
siderably higher preservation of liait d«triaase activity thaa %lm 
preceding precipitatims. 
When the directions in the procedure ccacejmlng the dialysis were 
carried out, the nitrocellulose bags had a mry decided tendency to 
rupture, indicating probable presence of a cellulase. 
the treatfflenf'with »ereuric chloride resulted in a drastic reduction 
in the lialt dextrlnase activity of the solution. 
The rest of the procedare was cmducted. as giv«a in the article by 
Hnderkofler and Eoy (103). Only at the last step was any aiaterial obtained 
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wMefe had crystallia® p-optmes, and this aattritl wh®n analjaed lad very 
little, if ai^, Halt deaetriaase eetivity. 
the miailtase activities of a anaber of the solations were alao deter-
ffltoed and the rewolts are gtven in fable 15, topther with the oorreaponding 
limit dextrinase aotivities, 
IroB •toese resmlts it wae apparent that, although the method of 
Itedertofler and loy iereloped for lipergillas orygae eowld be used as the 
basis for ©caieeatratioa of liiilt d«trinai« of Afpergill^s aiier ML 330, 
th« yields were very low, j^rtiealarly ia the laat stages. fi» early ttoee 
a«B»niia sulfate preoipit^tions my be used for the conceotratidn of limit 
dertrirsase and its partial separation fr«B maltase, but the loss of activity 
was so ®p©at in the latter portion of the prooedtire that aa alternative 
«©ifeod would be desirable# 
As the relative ratios of liwlt dextriaase and aaltase varied duriag 
the parifieatim procedure, it m& oonelnded that different proteia g<»-
pcneats were responsible for tl» liait dextriaase a»d maltate activity. 
fhese values are given ia fable l5.„ 
2. Alteraative aethoda of liait dextrinaae' aaalyaia 
The lengthineis of the analytioal proeedure for liait dextriaase 
developed by »iek. Stark aad Soalf (I) severely deliadted tlwi possibilities 
of research aad aooordiagly several pos^aible alternative aethoda of 
aaalysii were investigated., fhe <iitailed experl»atal procedure aad re-
iults have been deseribed on pages Sit to 10§» 
If liait dextriaase were an alpha-l,6-i^uo0®ldase, it would be ex­
pected to attack baeterial dextwua, eos^osed predoiAnaatJy of 
13? 
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alplaa-l,6-gluoosidl0 linkages, paa©ia, a trlsaecterii® poaaassing an alpha-
l,li- and an alpha-l,6-linkag®, and par%ictilai*ly isonaltoB®, a dasaoobarid® 
•with a l,6-glii0osidi0 hmA, Itetyan, panes®, and an impnr® preparatitm of 
isoMltoi® mm availabla for escperlMsital piirpos®®, and tiias® aatarials 
were used for this lavastigsition. 
(a) Hydro^jmis of dextraiit A detailed accomt of th® axp@riaantal 
proeedw® and r«sjilts i*® giv®n on .pag@s 81i-to 91. 
The daxtran uiad nas ©f th® t^ prodttstd by StoaptotoaeterlTO 
deKtranlem WIL B-125li* aad omtalMd alpi»-l,6- and alpha-ljli-^noosidic 
linkag®» la a ratio of aboat 12 to 1. Th® ^drolysls did not appear to b® 
appreeiably affected by the pH at whleh tfa®, «a:p«Pim«it» w«r® conducted, 
and was net appreciably aff®@t«d by th® typ® of buffer used, lowsver, th® 
z«t@ of hydrolysia was Inflaenesd by th® tei^sratixr® ®^loy®d. The great­
est degre® of hydrolysis, k»9 p®r oent of th® theoretieal aaxiwa, was 
obtained after | hows at i#® Csnti^pmde. 
Tl» iactent of fcgrdrolysl® iws so slight that toe possibility eould not 
be excluded that the alpha-ljli-glucosidio llnlsBfe# were th® on®s being 
hydrolyaed. 
Ghronatography indisated th® prestno® of. no sufars capable of aove-
iient. HowOTsr, th® possibility was not elifflti«t@d tMt the action of th® 
enzya® was to split th® d®xtran molecule Into coaparatively large fragments 
having littl® reducing pcwrw. 
k possibility for furtter research suggestad by these resmlta was the 
study of th® effect of th® enay» preparation upon the viscosity of d«3ctran 
solutions. If the »®thod of msyae action were slMlar to that of 
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alpte-angrltse, tli® ^Tarolyais aJaould preduc# aoi^fativ®ly large fi«p^nts 
having littl®' redmeing power aad earns® a drastic d©ereas« in th® vitcosity 
of th# solution. 1 method ®f analysis mvld b® developed utoieh would b® 
sifflilar to th» »th0d of alpto-ai^ylss® d«t®radnation which iarolves 
ffisasur@a@at ©f th© viscosity ehiBge in ais^los® solmtioas md®r itandardistd 
ooaditions. 
Qa th® other hand, if liait d®xtrlafts® doaa attack th® alpha-1,6-
glueosidic liategts in th® short chaia iiait d®xtrins,. it does not follow 
that th® m&ym wot»ld ala© aet upon such lintetgts ia th® high aolecular 
dextrans, at least very »pidly. fh® <«»ltase« of lapQrgillas oryaa® (21) 
would mrt@ a® aa analogy, this mzfm doss aet upon starch slow^f, but 
v®ry wich aor® slowly than tjpon aaltos® and oMi@r relatively low looleotilar 
w®i^t coi^ounda with alpi»-l,lt-.^ue6sldi0 linteiges. 
(b) Kydrolysja of paaoset A detailed aeeount of th® axpsriMiital 
proeediir® and results obtained with panose has b®@n given on pages 91 to 
96. 
Banoa# is a trisaooharid® oompossd of thr#® almeos® residues, joined 
by m® alpfc«-l,lt- aad on® alpha-l^^-gluGOSidi© linka^# fh® ©ffaots of 
crud®, 0ono®atrat®d Asparisillu® orygat filtrate (Claras®), as wall as that 
of a coae@atrat®d, but iapur®, solution of high llMt {tetrinas® activity, 
upon a solution containiag panot® w®r« iftvesti^ted. 
Th® @jqj«riia@ntal results w®r® saaanriaed in Tabl® 7 m pag® 97, fh® 
aaxiira® hydrolysis obtained with th® first solution was after 180 miaute® 
with 70.7 par ©ent hydrolysis, after which tl»® appirwit extant of hydroly­
sis began t© deoreas®, reaehiag a value of Ii8.5 p@r e@nt hydrolysis after 
23 hottrs. fhe s®liati©a eantaija-ing th.® erttd® pr«paratloa of Ag^rglllua 
orjsae ©xtraet rstohtd ^6.® per mu% of tte |joisitol® hydrolysis after It 
hows. 
Th«s® r«s«lts could b@ «xplsi»@d by th@ prtaeno® of aa mzym&, prmmt 
'i» AfflporlAllms nigor llHi 330 pr^paratioa but absent in the Aspergilltts 
orygae preparation, iM.oh »ms <»pable of omverting reduoiag sui^rs into 
noa-r@daoiag stigars. 
(e) Hydrolyiis of iaoi^ltotet fh® ability of the easyaic preparation 
to l^jrdroljs® is«ltos@, th® dliteotoride eo^osed of two glmeose miti 
eomeeted by aa alpl»~l,6-#ueosidie linkage, mis also investigated with 
the rtsttlts iMioated oa pages to IC^. Ghrowatogpaphioally pare iso-
iwltose ins not aTtilable bat e:xperimnts were eoactoeted m a solution of 
isoaaltose which o«tained glueose as iwll as hi^er oarbohydrates. 
The asperiffliatal results reported la 'fible ^ aader reference 5 
indioated that iscwsaltoee was definitely sueoeptible to l^fdrolysis by a 
solution quite low in asltas® activity bat ocmtaining moderate a'Boaats of 
liait dextriaase aotiTity,' After hows, the isoaialtose had andergme 
68.0 per seat hydrolysis, althoagh the aaltase aotivity' of the eolation 
was quite low(0,65 tmits per sillillter), while the liait dextriaaae 
aetivity iras only moderate (fA wltt per s^lllliter). fhe extent of 
i^ydrolysis was of the ®aa» order of Mignitade a® that f©«nd by fsaohiya, 
Moatgoaery and Coi^n (ICE), who worlctd 'With the erade filtrate of Asper-" 
giUms aiger im 330. 
The results indioated the presence in tl® ottltaw filtiwte of Asper» 
giUae aiger ffiSL 330 of aa msym capable of l^drolyaing the alplMi-.l,6-
glasoaidlc linlfiagB of isoaaltose that wis <iuite distinct froa th® eazyae 
Uil 
as8oeiat«d with naltas® aetivlty. At tMs stage the work m liMt 
dtttrlnis® was halted, and the behavior of the fraetioa possessing the 
wltase activity was studied. 
for futwe W0rk> the atj^or womld definitely reeowaend that the 
hydrolysis of l8<»alt08® with subsettt«it de-terwlnation of redueing sugar 
be developed as an aaalytieal p^oeedwe. Our experlMnts along this line. 
Halted as thsy were, were definitely eneouraglag, 
1. Purifieation of liltase 
l. grodtictiOH of aold nitrate 
A8pergilli3« niger 'liffiL 330 •*«® grown in Sttbsiarged oulture upon $0,0 
fallens of the aedim of Shu and llackiiood (Fl). Three liters of a 2li-hour 
old vegetative culture' were used to inocAate the aediua, and the eulture 
was p'own for 6 days before the growth ma halted, fwenty-three gallcms 
of the mfiltered cxilttare were plaeed In the cold roo» and allowed to stand 
overni^t after irtdlcb the clear solution was wiioved by siphoning and 
preserved under toluwae. the portion of the solution containing the 
iBEgroella was disearded and the reHainiag portion used for aH of the work 
suaaariaed below and reported la detail on pages 100 through 132. 
2* Paper ohr<»Batoepa.pfay and eleetrophoresls 
Both buffered aqueous solutions of a*onlu» sulfate and of acetone 
were used for the developing solutions In pap«« ehronitograp^ upon Whatwan 
lo. 1 filter paper. The buffered aqueous-^oetone solution proved to give 
the better separations, farious techniques for staining the spots contain­
ing proteinaceous aateilal were tried. 
11^  
A n©dificati<9n ©f tbe ssttaod of Gtsiasind md LL (2h) wWoii tifciliaad 
toro^h«nol tolm® was dereiopsi for tlj@ paper Qhr©attQ@rap  ^ of these protein 
®olttti<ms. This mstlsod is b©tii seaaitiir® and speoifio for preteias, 
aeoordiag to th® refereae®, lit^b^r th® brei^teen©! blue or %tm ainhydrin 
Method could Ise used, and titi»r 'wa.® preferable t© tlie broatiiynol tolw 
aettod. Th@ best separation of protein.-aaterial ©somrrad at 55 to ^ per 
©eat acetone. 
3. First pttrifioatiTO proeedm^ 
The first purificatioa procedure m$ discussed in detail on pages 100 
to 120, Th® ori^nal aold filtrate ©ontaiaed k»T wits of aaltase activity 
per Milliliter, 
(a) Ereoipitotion with awroniiMi silfatet la eesperiaent ms oondaoted 
to deteswlae the <tesirable eoaeea^atioas of «*caiit» sulfate to use for a 
preliainary preoipitaticm md separation frsHB the rewainiag »ld i^eeliuat 
and other gmaser s^terial.' It was foond aeeessary to use ti» a»all Servall 
oentrifuge at its full'speed 12>CK)Q re?r®latioi3» per idnmte) in. order 
to effeot ©0B|jlet© separation of the i^terial possessing the mzym aetirity. 
The results were given .in fable 8 aad HLpare 1# ' 
Sixteen liters of the olear SB®»emataat solution were used for this 
first preeipitation. fhe fraetion preoipitated betpwia 50 p®r cent and 90 
per oent a«Kjniua sulfate .saturatioa was dissolved ia 1,6 liters of dis--
tilled water. The saltase aotivity of this ^ solution ms 12,3 units per 
Milliliter, fhe recovery of this step ms k7»9 p®r e«at of the possible 
recovery indieated by th® preliMraary preoipitati©ii| or 26,1 per cent of 
m 
th» enzyaie aetivitj ia tb© ©rtgioal »old flltrat®. TMs low ylold was 
protoablj dn® in part to tb© prostdw® msed for- handling tli® large •volu*. 
Ifhsn th® eonoentratlon of awaonim siilfat© had b®en inorsased to 90 v&r 
etttt of satwpation tii® solmtim wj allowed to itand ovsmight. A 
floocttlant preolpitat# rose to th® top and to® md®r-lylng solution was 
reaovti liy siphoning, Althou^ tM.s proosdar® ssrred to omeentrat# aost 
of th# pracipitat®, there w®r@ nwsroms partiolas obsarred floating in the 
solution reaoved fro«, the presipitate. The suction filtration used in the 
seoond purifieation proeadar® was preferable. 
Another probable oaus® for low yield was ui»voidable and eoQSlsted of 
the pi ohosen for the preoipitation. Th® isoelfetria point of the protein 
fraction having the ailtase activity was d®t@r«lned upon the 1.6 liter 
solution containing th@ first preoipttat® by dat@w4ning tiie quantity of 
aaltas® aotivity in the pr^eipitate at various pi level® and concentrations 
of awsmiuffi sulfate. It was apparent fr®B the results given in Table f 
that there was m® protein •fraction possessing aaltase activity that had 
an isoelectrie point of 5*0 ®»«t another tl»t had an isoeleetrie point of 
7»0 or above. As our precipitation was ecaiduoted at a pH of 5*0» the 
other protean fraetion would tend to be elimiiated. However, it was 
possible that there was present in the solution an untooim sebstanee with 
an isoeleetrio point of 7,0 ©r above, which,. wi»n precipitated, acted as 
an adsorbent for the protein fraction with .oaltase activity. The first 
possibility, -that there were at least two fi^ctieas possessing aaltase 
activity, was st^ported by the discovery by (Ellispie, Jer^ and Woods 
(25) that there were nu»roas protein fractions in the filtrate of Asper­
gillus orytasae possessing eellulase and proteiaase activity. 
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A 8®c«»4 arawaiiiffli sulfat® precipitation was CQa<feiet©d upon the r®-
fflaining solutioa of 1.38 liters withoat dialysis, fi» scaution oontained 
an nateom quantity of awiwaiiaa sulfate, aad thas ^e absolute ewonitia 
sulfate coatent was untoorei. ®te fi«etio» preeipittted between 30 and 70 
per oent apparent aaa«l«M sulfate saturation •wae dissolired in 300..0 
sdlliliters of distilled water. 
(b) Freoipitatioa with or^nio eolventii A portion of the solution 
eontaiaing the second awMsniua sulfate precipitate was used to c£«iduct, the 
preliiBlnary investiiatioa of the precipitation raalteie activity using 
organic solvmts as described on pages 113 through H?. The analytical 
res^alts were reported In fable 10 and flgwe 3. 
fhe three ©rganie solvents investigated were acetwie, dlQa»'ne, and 
ethanol. fhe precipitation with the three solventa fsve siallar resid.ts 
but acetone pve aliKjet (jua^ntltatlv# recovery of enayrae. Hther lnoo®plete 
' precipitation or partial deaaturatim occurred with dioaane and ethanol. 
With all three solvents very little precipitation of ent^e «terial 
occurred below 3$ per cent solvent by voluo®, but•thereafter the rate of 
ensyme precipitation rose slarply. 
fhe reaalnder of th® solution cwitalnlng the second precipitate was 
then precipitated with acetCMae, the fraction betwea IS and 6I4 per cent 
acetone conceatra.tlon by voIuim being saved and dissolved In 100.0 allll-
llters of water. The only area revealed by piper chroMato^aphy to eontain 
IMfoteln also displayed Mltase activity, fhe asaltase activity was detected 
by spraying strips of the pap«p chrefflatop-am with a solution of raaltltol. 
m 
the aleoto®! pfo#i(i®A by reAietag aaltts#, arai .iaottfeatiag th« 
strips ia a mm ataosfhisrs. fii# strips mr@ thm dri9a> ani sprayti with 
%h» faifeer &M ElsJjisr (96) imgmt. Bins spets &mtaT@4 tt tb® ©rigia, 
iacileiitlng the prestae® •&£ tii« ©ai^ws at that l«Msttioft. i®iiw®r, th» s«la-
tl©a el@etr<^Ii®r«sls. ®ointeet»4 mp®a this mm selmti©a iailoated mrmrsl 
pmlm mrr»BpmMng i& pe'®t®ia-e®i^pMm«tst, as w»14 b® «p@Qt®d> tto 
el00tr@ptor«sis aiaa^jwls b«l»if mere f«sitiv@ tisaa paper efciro«t©graphy. 
Aaalysis tf this sQlwfeion tiidiisat«i aoa-fldefmbl# ilpha-aa^las® aetivity 
rtminlng aft»r tb@i@ pr«elpltatii»s alfeotigli th« pi-psr ©hroaatograpi^ Md 
indieattd ©aly m@ 
A mm detailed ®t^ ©f tbe pmrifleatlflii ®f by asetoae pre-
eipitatioa Wi® wait dsring the second p«rlfl©ati®n pr©eed-ar«, 
I©) aceeipitatlea aaiai gtfaar salttt fto® atteapt® ®ad« t© tttilia# 
sodittH cbl®E*id® ^ p©ta«®lw dt^dragea ptospl^t® to preeipltat® the mzym 
possssslaf »alta«e aetlvity,. either al0»,- or la ©oatolaati»a with aaetaae 
were da«©rib@d ea paget llf aaad l;^, tb® results ©f t^«e attempts 
iadieatfd' tShat these saltf mm laeffestife sttn©e either a*®Bliia sulfate 
car aeetoi® alene ^ve better preelpitatloas., 
(d) Stabllitr ef .aalMee aetirity at varioms 'pfl lerelsi la experl-
»eat to deteralae the stability of nalta'ie aetinlty at variems pH levels 
isas.been deseribed on page III, and the restfLts given in Table 11 on page 
llf. 
A series @f $mm hnifms mm mp mvying by iasreB^ts of 0.5 
between the pi levels @f .|,,© and 4 selmtion eontainiag • definite 
aaoiaat of aaltaee activity ms added, the tiif«e iaeiibatei at 30® Centigrade, 
1%6 
and sas^lsi mm p@rl@di«ially for aaalysis, Mt®r iiours th®r® 
naa oajy a d«er«is8 ia soasywt aetivlty ia a f@w of tb® in th» 
vioinity of th® i0©0ltotri0 poiat. fh®r® las^a 6.li p®r eeni loss'of 
astivlty tiie pi of $,Q, «ad a 6.7 p@r coat loss of aotlvity «t %h9 pi 
of $,$, fh«m was obfioas ba©t@rial ©oatamiEitioa af pi T»0, with 7.5 
per coat loss of ansiyalc actifity. 
SeooM purifioation proeedttr® 
The ttsial procedure followed ia purifying aa enaym® is to follow the 
results of tli# work by tmlyzing for the desired eaayw alo»e for «t least 
the first few steps, tnasting that %im pmMM.mry p^iIlfiQation procedure 
will elifflinit# the other ensyaes not iaving a siailar natmre. However, the 
final prodttot of the preceding aethod still ooataiaed ocHisiderafele qaanti-
ties of alpha-a^ltse actiirity. As the eleotrophoreti© pattern still 00a-
taiaed several easll, peaks erarrespoadiag to proteia Miiteriali ano-toer> mr& 
eaaet, proeedure was developed fw pttrificatioa. 
The woM filtrate stored in the sold room usder tolueae stiU eoa-
tained ii.52 toits of aaltas® activity per ailliliter after 3 mntha of 
storage, fhis was used for tie pwifioatioa attempt auwarised below and 
described in, detail oa pages 121 throu# 132. 
(a) I»eeigitation with ammnXm sulfate 1 A mm preeise deteraina-
tion of the solubility of th® 'aaltase-aotive fraetion in amoniua sulfate 
solutions was eoaduoted o» tta original aoM filtrate. The awBonlua sul­
fate emeentratioa in 11 portioas of th® ©rude »ld filtrate was varied ia 
5 per cent inorewnts fro® liS.O to fS'.O per eent saturation. The 
Iii7 
precipitates r«MV®<i fro* %im solutions by contrifuging war® redisaolved 
and ana.lyz®d for aaltaf# and alpHft-aaylaB® activity ai w»ll as for nitrogen 
oontant. Ti» proesdur® bas b@m d«serib@d in detail on pages 121 tiarough 
132. fh© «cp®ri»ntAl results hav® b@«n e®ipiltd in fabl® 12 and Figures 
k, 5 and 6, 
It ma found ttot by collecting the fraetion between 6? per oent and 
fS per oent tmaoniua sulfate saturation that 65 p®r cent of the alpha-
ai^ylase activity and 69*9 per oent of the nitrofen sratent would be 
eliainated niiile 66,5 P®r eent of the aaltase aotiviV weald be retained. 
If specifie aetivity of an enajw is defined a» «its of enzyMe 
aetivity per one milligratt of protein nitrogen, the following teras aay be 
defined (8?) at ii^eatedi 
lnrioh»nti the ratio of the speeifio activity after a step to the 
speeifie aetivity before a step. 
lieMi the ratio of %lm total eniyaa activity after a atep to the 
total m%jm activity before the step* 
fheee definitions of the tem® •were used^ by the authors of the referenoe 
to d«pive the following equati« whieh my be uied to oteoae the more 
•(tosirabl® of several possible prooedurei for @aiy*e parifioation. 
log-1 « (log e)(l0g I)/Clog y), „ whe-re 
I 9 overall enriehaent 
e » enriehoent of step 
If s overall yield 
y « yield of step. 
fablea 16, It, IS and IF were prepared froa the results given in 
Table 12 and^ Figures k» $ and 6 by assuMiag an ©veraH yield of 10«0 per 
m 
fibl® 16 
Sapieteaent of laltae® AafclTityj, AsmmLng tm P®r Gaat Beoowry 
Pti- ©TOt Sp««ifi« lm*iel»asat Ilrtd of Overall (ffi^)|S€|,, of 8t@p («) step (y) ®arletm®nt (1) 
iwtwaltoa 
80 - 9$ 37.2 g.l& 0.296 k,Z2 
75 - 9$ to.7 2.50 0.ii68 Ua 
70-S>5 itt#% a.Wi 0t680 20k 
65 - 9$ 39*1 t.25 Q,m IMQ 
6 0 - 9 5  3 5 . 2  g . Q t  © • S i e  3 A 6 0  
55 - 95 31#6 ijt 0.875 30,900 
Table 17 
Emicbmat of Alpha-Aaylas® Actiidty, 
Asswlag Ten P@i*./C@at Beoortry 
P@y esnt Sp«0ifiQ SirielMMmt field of Or®rall 
activity of step (@) st©p (y) aarielaaeiit (S) 
satia^alioi 
80 - 95 6*95 1.13 0.156 1»16 
75 - 95 6.60 1,07 0.206 1.10 
70 - 95 6.63 1.07 0.2S1 1.13 
65 - 95 7.56 1.23 0.it07 1.70 
60 - 95 11.1 1.-^ 0.725 614.6 
55 - 95 13.8 1.79 0.862 17,000 
m 
f&hl9 18 
Ina'iolpeat of laltaB# AotiTdlty, ABwmdxig fan P&r Cent HsooTeiy 
eeat 
satmimtioii 
Spselfi© 
aetivlty 
feristiasnt 
of step (®) 
Ii®M of 
step (y) 
Overall 
aoristotttt (1) 
72.5 - 77.5 50.6 2.» .17f 3.93 
70.0 - 80.0 46.7 2.68' .3lil 8.28 
67.5 - 91.5 it2.6 imUi .i»52 lit .3 
65.0 - 85.0 3l».i 2.00 .576 17.8 
table 
toriehWfiat ©f Alj^a-Aiisrlase Aetivlty 
Ass«alag T®n i%r Ceat lecOTayy 
P«r o®Rt 
imi^hsok 
satwatioa 
Speoifi# 
activity 
Inrietosat 
of Bt@p (e) tUU of 8t®p (y) 
Overall 
«nriato®nt (1) 
72.5 - 77.5 6.25 i.oa 0.0625 
70.0 - 00.0 6.06 O.fSt 0.125 
67.5 •" 82.5 6.16 IM 0.20 1.12 
65.0 - 85.0 6.1»2 1.01* 0.30 1.08 
e«nt. Th® sp®0iflc aotiiltj of the oirigliaal solution *ms 17.0 mita of 
•raaltas® activity p®r ®Llligrai« of nitrogen and 6.2 units of alpija-a^laa# 
activity per ailligpam of nitro^n. 
TM.S method of ©alotOaMng the ov®r-«ll ©nriehnent «ay b® tts@d t® 
i«l©et thi method of proesdur® that will aehiev® tl» mjeXmm pwifioatioa 
for a givm i»@eov®ry of aaterial. lowavw, th® @xp®etations of tim ®x-
tp^ly id# d#gra® of ©nrietaasnt «»3p® not to '\m takta lit®3?ally, for as 
the pwifioation ppoQ®«i«dj» tto prasipitation ppoperties of th® anaya# 
fmotiOEB wottld probably mvj, and of eowi®, tba axtraasly M,^ eariataBient 
values could be a p^icsal iajiossibility dae to th® mrj size of th# pro-
t@ia fflolaewles poasessiaj| tha dsiirad ©assyaic propertits# 
Tha a»onlm swlfat® preeipitatioa dasoribad on paips lf2 to 12? to® 
condmotad upon 20.0 litars of th® erttda ena|»@ solution, with the fraction 
pracipitatad batwaaa 65.0 par eant and 9$*& par cent mmmim stilfata 
saturatton baing diasolvad in t.O lit®r». of distillad i«t®r. Th® total 
qiiantity of m*ym racovtrad in tM.s first precipitation was $S,$9Q units, 
of which 5fitoO woita or 90.2 par east of th@ activity ma in tha aain 
solmtion of the praeipitata im 2,050 irtlllilitar® of solution and tha 
•^'•reBsftindar ia two solmtiew® of' diitilltd wstar ttsad to rinse the filtar 
papar nsad to collaet tha pracipitata. fha aain solmtion -was rafarrad to 
on page 126 as anayaa cmcantrata 1.. 
For th® first prasipitatioa tha soEpaetad yiald of tlpha-aaylasa was 
iiO.T par cant, w ll*,000 -nnits, th® yiald of iwltase iws 73•k par cent, or 
^,300 WQits, and the yield of nitrogen was 33.1 par sent, or 1.7t ^raas of 
nitrogan. ^ She total actiial yiald of 65,^00 units of aaltas® activity 
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repafessated a yi«ld of 95.2 p@v osiat of %h& eapoeted yield. lo analysis 
was made for alpM-«i^las@ or aitarogea. 
After dialysis • to reww th® aMioaiaa sulfat®, th® Main 
solution oontainiag th© first la-ooipitat® wis apin precipitated with 
aamoaitm siilfate, eoHeeting the fraotion between 61.5 and $>5.0 per cent 
an®OTii«a iulfat# saturation. The TOomd preoipitate was dissolved in 200.0 
Milliliters of distilled imter and dialysed to reawe tlie enlarained aaaioni-
xm sulfate, fh® voltme of the solation eontaiaiag %im Awmmim sulfate 
after dialysis was 33S.0 jaillillters and was referred to in th® eacperimental 
seetion on page 13l» as enayas oonoentrate f. 
It was assiwd that the yields of alpha-aa^ylase and nitrogen were in 
the saa® pereentage of the «Q>e©ted yield (i.e., fS.t per cent) as the 
yield of aaltase. On this basis, the 2,050 Mlliliter solution containing 
tl]» first preeipitate woild be esxpeeted to e«mtain 12,000 units of alpha-
ai^lase (« lit,QCX3 x ,fS2 x .^02) and 1,.W graas of nitrogen. 
For the preeipitation perforffltd-mpm the solution oontalning the first 
preoipltate the «arpeoted yield of alpha-a«ylas® ms 33.2 per cent or a total 
of 3,^80 tinits, tJto yield of «ltas® was per cent or a total of 38,200 
units, and th«' yield of nitrogen was 2p..t per oent or O.yg graas. 
fhe 338.0 adllillter solution eontainiag • ti® seeoad presipitate m§ 
actually found to sonta i^a 108-.f units of aaltase per Milliliter, or a total-
of 36,500 wits, 8.56 iinits of alpha-ai^ylaae per ailliliter, or a total of 
2,8fO units, and 1.^9 railligpaw of nitoogen per ailliliter, or a total of 
0.50it gra«.^ fhe specifie activities of the solution were 73,.1 and 5«7lt 
for aaltase and alpla^ai^lase respeetively. 
It ii a genwral custom in muym puriflcatioa to ei^loy a giv» pro-
oodura for ao mora ttoaa two st«ps (Bf), Aoeordlagly, otiw aethods 
•applicabl® for tMs proosdar# were somgiit. 
(b) Purifioati^ with aoeton®i fh® pr®oipitatioa using aeston® which 
has beea repeated on pages 128 and 12^ was not effeotiv® in preeipitating 
ti» enaym® froM tiw partially purified solatloa, althou^i the concentratioa 
of proteiaaeeotts aatorial i»s a©tt»13y higher than in th® oriid® and pai^ 
tially pwrified solmtion upon ifeieh it was ©ffectiir®, fhis led to the 
hypothesli that the lattrial with aalta®® aotivity ia tia® organic-solveat 
fMCticmation of crude solutions was aetuallly adsorbed upon eertain i»-
puelti@s whieh were pr®eipi1»t»d trm th® solution by th® acetone. 
the aalttse fraetion. ms apparently stabl® at cold roo» te^erature® 
up to acetone soncentratioas of iiS p®r eent by volta», but with higher 
eonoentrations the inaetivation was ttrf-te rapid# 4s th© nitoogm content 
of th® solution deereaaed at appraslMately th® aa»i rat® as th® aaltas® 
activity, it could b® assiawd fren these results that either the protein 
fj^otioa poaaessing the aaltas® activity wts precipitated ©os^letely and 
a portloa inaotivated la the. interval tl»t th® preoipitat® was ia contact 
with th® acetone solution (as n® deteotabl® traces of aaltas® activity 
were fomd in the solution eontaining the precipitate), or that the @mjm 
was mstabl® in aqueous ac^utions eontaining more than IS per eent aoeton®. 
The work of Bovard {9) upon th® precipitation of alpha-aagrlase with acetone 
at room teaperatures suggested that fmgal alpbi-aBylase, at ajoy rat®, was 
unstable la acetme solutions at conowtrntlons above kO per cent. 
m 
UnfortiaEjyateljr, ao «cp«i»ia®nts w«re eondaetei to ietermiae %im stability of 
th© aalta.s® in aeaton® soltitioia# • 
tim to iii»ff#®tiv®n««s of prteipitatlon «n<i tfea ia?©babi« inaetivatioa 
by «e«tc»i this pfootdtir® was rtpspiti m feeing ms-oitabl® for « pwifica-
tioa stop tt this point.. 
fh® foaatiti#® of aitro^n fowid by th® KJitlildaKL analysis mm ia 
slight disagraawat with m^h other* but thia aay hav® b®®B dw to ia-
oon|il®t@ dig@stioa. 
(e) Star oh adaorpticiii It was logloal to atteii®)t to a^pply a aub-
stitttt® for t.h® tialmewa stftjstaaee that pr»»ttiiibly abtwbad th.® @aiy»8 
^aetioa aad thas reawod it fr®8 th® aolatioa., After prtliidnaiy trials 
with ailiea gel had b@®a msa§e®.fsfttlj> atareh was ustd as aa adsoi^eat. 
fhs raialts of thea® ia-vestigatioaa hav® bsoa dsaoribsd oa pa^s 12^ 
throa^ 132 aad sawiriaed ia fabl® lit. 
It was appareat fr« th® prslialmry attaint at adforptioa ttoat, 
firsts ao atareh waa capabl® of adaorbiag th® aotiv® protaia £pm aa 
aquQoas aolatioa, aad soooad, tljit a ooaparatiwly larg® a»omt of atareh 
woald b® desirable wtom aqumm aeetoa® aolatioaa ww® ttaad. Aeeordiagly^ 
aa ®ji^®ria®at loade to detenda® th® adsorptioa of tba @m]/m irm a 
folmtioa emtaiaiag ^0.0 par- c«t aoetM® by Tola®® aad fO.O graae of aolid 
apylaeeoaa aatsrial p©r 100.0 aillilitara. After separatioa fro» the 
s^ raataat aolutioa by eaatrifaptioa th® aaterial adsorbed waa elated by 
a dilat® phoaphate- baffer at a pi of |.0. loth the wither liqaora aad 
eli«t@s wer® a'ualyaed for wltaa® aetiTity# alpha-ai^laa® ae.tivity,. aad 
aitro^a eoateat aad th® resets have b®®a pr@s«ated ia fable ll*. 
m 
fit four aateafials m&d as adsorbents, soliable stareh, rle« staroJi, 
potato staroh and com starch, pT® Tariabl® results. Soli&le staroh, it 
woold appear, should b® «eell®Bt t© nm as as adaorbmt to rea»vs aactraa#-
oms proteia and also alpla-a^M-s®^ aetivit/. It eomld mrm be iistd in a 
proetdtJT® fcur th® iielation of alphft-«i^]Us®. Sie» stareh eoald b« used 
as an adsorbent for asltase activity, but appareatly Mii m diffireatla-
tioa be^wa *ltast aad alpia-a^li®® aetivity, ®ad the elutioa mder 
these conditi^s nts not cosset®. Fotat©' staroh *as similar, bmt here, 
the partioleS'betof larger, the teadeney for adsoiption was less and the 
eltttloa was oo^lete, Gora staroh .reaeved alpha-ai^lase almost quaati-
tatirely from ioltitioa, bat also eliainated aboit two-thirda of ^ttoe 
nsltaa® aetivity. Its uw woald be lees desirable thaa the iise of soluble 
starch. 
A^opptioa eowld be ased «ith» to rewpre the l^wities, or to adsorb 
the en.«y»8' seleetifely and lea*# the iapuritits ia the solmtiwi. Althoii^ 
a thoroa# iaveetigatioa of tht.poteible omiditioas m» aot aade, the re-
s^t® obtained indieated that probably the best tts« of th® adaorptioa 
proeedure woald be to rew® the foreipi protein aattrial rather than to 
atteaqst to adsorb th® ensyw itself. 
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1, fh® prQe0d«r« <l«f®lop®<i by feierkofler aad l©y f©r tte emeeiiia®-. 
tioa and ptirification of llMt iisrfcri^i® fro» tiabMerg®*! etilture flltratt 
A8P®riilltti Qi*ya»« wi® appliti to th® filtrate of a eidtar® of Aapei»~ 
gillma aiiay Ifili 330. fto first st#pt involviiig awjiiiw. stilfat® pr«-
©ipitatioai wars •twitable for t@Qc«ati»atlm of tti® mmjm trmtlm, 
«liKlnatioa of extraiisoias iaat#rial, «ad mwah of tii® laltase activity# Ho»-
mm't mm with tha awK)aiw swlfat# preeipitations it ma found to be 
advisable to invostigat# th@ optimam eoao.«ateati0ni and t@ii>erat«r®s for 
©pti®a purification .and yi«lds, fh@ sabKSQtteat steps iavolvod too imch. 
loss of «t®rial for praetical wse. 
2# fho mmTm fractioa p©s#«s.iiiig the liait deattriMse activity is 
distiaot fre« tliat poatttsing at l«tst th® b-tflk of tl» 'aaltase aetivity. 
3. Birtially piirified solatioas posaaasiag aodarats li«it deoEtrinasa 
activities bmt rather low *ltaf© aotivitia# had only sli.giit i^drolytie 
activity apoa elinieal d®xtran.ji as indieatad by %hm amoimt of radnoing 
sugar ®rt!|aival®at pr©ii»®d. 
,i».. TMse iam •aolations, how«r«r# ware quite affaetiv©' in the 
Jjydrolyais of paaoaa and isoaaltos®'. TJte low laltate aetivity of th® s«Am-
tion and tiie hydrolysis of isoi«ltos@ imd piiiosa indicatad tbat the liait 
dartriaas® ma aetua'Uy an alpte-'^uoosidaat with a ppsferro®® for the 
alpha-l,6«glttoosidi© liito^ga, but oapabla also of hydrolyssiag the alpha-
l,li?-glucosidi,o lialiftg®. 
5. fh® rapid aad virttsaUy eoaplat® hydrolysis of isowaltos® suggast-
ed th® possibility of davaliflaf this proesdw© iato a aothod of aasalyaia 
1$$ 
for th« @mym 'Capable ©f l^ydrolyaiag th® alpIia-l,6-gluoosi<iio llnka^s la 
plte® of the' l#ngfchy proet-dW'© nm in ms» for liait dextriaase aniaysis. 
6* Th# mMmm indi©at«d tMt th@r« mm probably at l@a®t two pro-
teiii fraetioas pos®«ssiag mltS'S® aetirlty. The isoelsotrlo point of on# 
fractioa ma near pi 5*0 aad tl» othtr mn a©ar pH 7.0 
7. Ac@toi» was oapftbl® of pr#©ipitatiag ttaa mnjm £rm -orud® or 
only partially p«lfi«d filtrates^ bmt aot from th® aolutioas froa irtiich 
TOSt of the protein saatsrial .ted b®®n r«iiB&v«d. fh# precipitatioa of th® 
®aayi!»s la the iipiire solutioas aay have b@®a <la@ to their being adsorbed 
apoa sow iis^wity irtJieh m& iasolnbl® uadsr those ooaditions. 
0, The proteia ff«eti©a p©'ss®sslag aaltas® aetivity urns .stable 
at room taipsratur® -betw®®® the pi levels of lt,0 aad 7.0 for at least 
hoar a, *dth a .aaxiw« loss of activity of 7.5 p®r o®at. 
9* fh® aolttbilttisa of sodiam ehlorids and pota-ssim dihydrogea 
phosi^at® w»r© too ali#it for th®®« smbstawes.s to b» «ff@otiv® aganta for 
prscipitatioa of nat«rials froa th@i® m%:^ solmtioas. 
10. Th® eoaditioas for pr@©ipitatiag aaltase and alpha-ai^lasa with 
ajwoaiTiffl stilfat© mere d«t«r»ia®d, Ali^:-aayla'»@ was precipitated at 
sll^tly loror eoaewitraticias of a:»>aitMi salfat# than aaltase. fhia aay 
hav® bsea dn® to s loiisr »ol@e«lar w«ight. Th@ altr©g®n oonteats of the 
aolatioM wer® also aeaaoped, aad th® apesifi'O aotivities det®raiaed. 
11, Fow' ®at@rialS', ©ora starch, potato 'starsh, rice starch, aad 
soluble staroh, were t@st@d at adiorbeats. fh® ecaaditioas iacliMed ice-
bath -teapiiratiara, a I4O per ©eat t'Cetoa® iolmtioo, aad 20.0 p'ams of solid 
Mate-rial per 1CX).0 mllllMttr® of solatioa. the soluticws were agitated 
for to «iattt«s, starela asi isorn starch, both reasired almost all of 
tht alpltfi-ftagrlase aetivitj tvm th@ solmtiea* OiM desirabl® plaa of pro-
cedure ireuld b® first to ma sdlwble stareb to p«-w>ve most of the alpha-
aotiTity fiss® it l®av@s mst of th# i^ltas® activity in the solt^-
tioB, fh«n potato stareii eonld b® «sed {with sisbse^iwat tlmtioii) to remvm 
th® naltas® aetivity from th« solwtion ami to eonGsntrat® th® activ® 
»teilal,^ 
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